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ABSTRACT 


A study was made of some field populations of Chironomidae 
occurring in an isolated pure stand of cat-tail (Typha latifolia L.) 
in George Lake, Alberta. The habitat was sampled from May, 1973 to 
September, 1974. Sampling of all developmental stages of the chiro- 
nomids revealed that there were four common species, viz. Dicro- 
tendipes nervosus (Staeger), Glyptotendipes dreisbachi Townes, G. 
lobiferus (Say) and G. nr. paripes Edwards. The former species was 
univoltine and the others were bivoltine. 

Life tables were constructed for two consecutive cohorts of G. 
lobiferus and of G. nr. paripes and for one of each of the other two 
species. 

A generalized survivorship curve was constructed using the data 
from all six cohorts. Despite the fact that the cohorts varied in 
| length from approximately 3-13 months, and had starting densities 
which differed by up to a factor of four, there was only moderate 
spread in the data. The generalized curve indicates that 1) by 
completion of only 20% of the Seti of the cohort only approx- 
imately 10% of the initial population is still alive, 2) for approx- 
imately the subsequent 60% the mortality rate is low; and 3) for the 
final 20% it is high. The range in the per cent of the populations 
which survived to the adult stage was 0.05 - 8.21%. 


The maximum value recorded for the intrinsic rate of natural 


increase was 0.0380, and was obtained for a summer cohort of G. lobi- 


ferus. A value approximately five times smaller was obtained for qts 


overwintering cohort. 
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Although the degree to which the three cogeneric species 
competed is unknown, there was evidence of their ability to co-exist 
through niche specialization, as indicated by morphological 
character displacement and by different spatial utilization of the 
sub-habitats. 

Dormancy appeared to be involved in the life-cycle of G. 
lobiferus. 

A key is given to differentiate the three species of Glypto- 


tendipes in all seven developmental stages and in both sexes. 
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140 


during their 1973-74 cohort. 
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I. INTRODUCTION 


The Chironomidae is an ecologically diverse family of insects 
which is world wide in distribution, and which frequently constitutes 
a major component of the invertebrate fauna of rivers, lakes and 
streams. 

In reviewing the literature on this group, Mundie (1957) 
concluded that the study of chironomids has followed two main lines 
which may be termed the limnological and the entomological. One 
has been concerned with the distribution of different kinds of 
chironomids in different lakes, with the association of these with 
lake types, and with the numbers and weights of chironomids as as- 
‘pects of lake productivity. The other has dealt with various aspects 
of the biology of particular species, such as their feeding habits, 
respiration, voltinism, etc. During the 17 years since Mundie's 
review there has been a decrease in the degree of study which certain 
of these aspects have received and an increase in that of others; 
however, the basic statement essentially still holds. 

In the case of studies on chironomid population dynamics, there 
appears to be none which has dealt with all seven developmental 
stages (egg, four larval instars, pupa and adult); in fact, because 
of the large mesh size that frequently is employed in sieving the 
samples, larval density estimates may not include specimens in the 
first or in the first and second instar. Although these data are 
of value, e.g. in estimating productivity, they are inadequate to 


permit a detailed understanding of the population dynamics of the 
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species. Such an understanding necessitates an intensive study 
censusing the change in abundance of all the developmental stages 

of a population at one place. From these data a life table may 

be constructed for each cohort and, from all of these, various 
estimates made, such as the period(s) in the life cycle when mor- 
tality is greatest, the proportion of the population surviving to 
reproduce, etc. If, concurrently, data are gathered on the species' 
parasites, the abundance of other species in the habitat and on 
various abiotic factors, then an assessment may be made also of the 
possible role of each in influencing the shape of the survivorship 
curve. Subsequently, hypotheses may be developed for testing, both 
in the study area and in other geographical localities. Such results 
can contribute significantly to the understanding of the evolutionary 
ecology of a species, and to the determination of the patterns in 
ecology. 

In view of the above listed potential value of the data, the 
purpose of the present study was the construction of life tables, 
calculation of the various population statistics, and determination 
of the relative importance of at least some of the mortality factors 
for some natural field populations of Chironomidae. 

George Lake, Alberta (53°57'N, 114°06'W) was chosen as the 
study site as it is in close proximity to and easily accessible from 
the Department of Entomology field station. To meet the requirements 


for construction of life tables a search was made of the lake for a 


suitable study area. This resuited in the choice of a stand of cat-tail 


(Typha latifolia L.). This choice was made because (1) it is an 
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isolated pure stand; (2) various species of chironomids were found 
in the live and in the dead plant shoots and on the lake bottom, 
thereby permitting a comparison of different microhabitats; and 

(3) some of the chironomids were parasitized, primarily by 
Mermithidae (Nematoda), thus permitting an assessment of the im- 
portance of parasitism as a mortality factor. Additionally, since 
T. latifolia is world wide in distribution, results obtained in the 


present study can be tested in other geographical localities. 


Tie THE SSTUDYaARES 


A map showing the location of George Lake, the study area 
and the Department of Entomology field station is given in Etta. le 

A map of the study area is given in Fig. 2. The stand of 
Typha covered an area of 54 mé and was completely isolated from 
other emergent aquatic vegetation. The nearest Typha was approx- 
imately 7.5 m west; it joined the shoreline and, to the north, 
joined a stand of Scirpus validus Vahl., which was located approx- 
imately 10 m from the study area. These two species of plants 
formed a continuous band 10-15 m wide which completely enclosed the 
study area to the west and to the north, and which joined with the 
shoreline approximately 200 m to the east. This, combined with 
the heavily wooded shore, resulted in the Typha stand being well 
protected from wind and wave action. 

Throughout 1973 the water depth in the Typha stand was 50-55 cm, 

and the stand was located 0.5-1.0 m from the shoreline. In 1974 the 

| water depth was 72-122 cm, and the distance of the stand from the 


shoreline varied up to a maximum of approximately 40 m. 
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III. METHODS 


A. Surveying of Study Area. 
At the beginning of May, 1973, i.e. shortly after all ice had 


melted, a map was made of the Typha stand. This entailed determination 
of the area, subdivision into units of 1 ie? and determination of the 
number of dead plant shoots in each. Determination of the number of 
live plant shoots in the entire stand of Typha was made at the 
beginning of June, in mid-July and mid-August, and at the end of 
September, 1973, 

B. Physical Parameters. 

Accompanying each survey, and on each date biological samples 
were collected, the water depth, and vertical temperature and trans- 
parency profiles were recorded at the edge of the Typha near egg trap 
#1 (Fig. 2). This resulted in measurements being made every 4-5 days 
during both summers, weekly during the fall, and on four occasions 
during the winter. Transparency was measured using a Secchi disc, 
and temperature using a Laboratory Thermometer Model BAT-4 and a 
Type OT-1 probe (Bailey Instrument Co. Inc., Saddle Brook, New Jersey). 
C. Biological Sampling. 


1 Eqgs:. 


To determine the number of eggs laid by each species of chironomid 
in the study area, egg traps (Fig. 3) were positioned in the stand of 
Typha at the beginning of May, 1973. Initially, six egg traps were 


employed, but three more were added on June 13 (Nos. 1-6 and Nos. 7, 8 


and 9 respectively in Fig. 2). 
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Fig. 3. Trap used to determine the number of egg masses laid by each 
species in the study area. One-fifth scale. A: loop of wire 
to form mouth of egg trap; B: nitex cone; C, D, and E: bake- 


lite cap (C) and glass jar (D) attached to apex of nitex cone 
by hose clamp (E). 
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Each egg trap (Fig. 3) consisted of a loop of stainless steel 
wire (A), approximately 0.5 cm thick, which was attached to the base 
of a cone of Nitex! (B), 25 cm tall and open at the apex. The base 
diameter of the cone was 35.8 cm, and thus the base area was 0.1 me, 
A bakelite cap (C), 5 cm in diameter, from a 6 oz glass jar (D) was 
placed upside-down in the open apex of each cone and held in position 
by means of a hose clamp (E). A hole 3 cm in diameter was cut in 
the bakelite cap. 

Each egg trap was suspended 1-2 cm below the water surface in 
the stand of Typha by attachment with clothes-pegs (F, sFo) to pairs 
of nylon ropes (G, ,G,) running between wooden crosses embedded in the 
sediment. The weight of the hose clamp, glass jar and bakelite cap 
was sufficient to keep the nitex cone inverted and taut. 

For examination of an egg trap, the clothes-pegs were removed 
and the trap gently lifted out of the water. Any egg masses attacned 
to the nitex were washed down into the glass jar. Subsequently, the 
jar was unscrewed, capped with a numbered lid, and taken back to the 
laboratory where the contents were examined for egg masses under a 
microscope at 6X. Any pieces of plant or debris found floating within 
the area encompassed by the base of the egg trap also were collected 
and examined microscopically for egg masses. 

The egg traps were examined and emptied essentially every two 
days. They were removed from the study area at the beginning of 


October, 1973, approximately two weeks after the last adult emerged. 


ri synthetic bolting cloth manufactured by Tobler, Ernst & Traber, 
Inc., New York. 
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Gp earvac:. 

a) larvae associated with emergent vegetation. These larvae 
were collected using a sampler (Fig. 4) consisting of an aluminum 
base (A) into which is screwed a piece of transparent acrylic 
tubing (B). A brass plate (C) is machined to slide smoothly along 
a groove cut on the inside of each side of the aluminum base. Attached 
to the brass plate is a stainless steel rod (D) which passes through 
a hole (E) in the base. A spring (F) is located on the rod between the 
brass plate and the end of the aluminum base. The length of the spring 
is such that it is slightly compressed when the brass plate seals the 
bottom of the acrylic tube (B). At the end of the brass plate also is 
located a hole (G) which bisects hole E in the vertical plane. 

To sample, the brass plate is pulled backwards to the maximum 
compression of the spring and a stainless steel trigger (H), is fitted 
into hole G and down into a notch in rod D. The plant shoot to be 
sampled is cut off gently at the air-water interface and the sampler 
quickly lowered into the water around it. When the bottom of the 
sampler reaches the mud-water interface, trigger H is pulled out. 

This releases the brass plate which cuts off the plant and seals the 

bottom of the sampler. The sampler then is lifted out of the water, 

the plant placed in a container, and the contents of the sampler fil- 
tered through a 156 y mesh sieve. The residue in the sieve is washed 
into a separate container. 

For sampling shoots in water of a depth greater than the length 


of the acrylic tubing, another piece may be attached by means of the 


threaded aluminum collar (J). 
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Apparatus used to sample Typha shoots. One-quarter scale. 
A: aluminum base; B: transparent acrylic tube; C: brass 
plate to cut plant shoot and seal bottom of acrylic tube; 
D and F: rod (D) and spring (F) used to cock sampler; 

E: hole in aluminum base for holding rod D; G: hole in 
aluminum base for holding trigger rod (H); H: rod used to 
trigger sampler; J: aluminum collar for attaching addit- 
ional piece of acrylic tubing. 


On collection, all plant samples were placed in individual plastic 
bags and stored live in an ice chest containing cold (ca. 12°C) water 
(from a small shaded stream near the study area). During warm weather 
the water was kept cool by the addition of ice. Immediately on re- 
turning to the laboratory the plant samples were placed in a refriger- 
ator (4 + 0.5°C). All plant samples were sorted live under a micro- 
scope at 6-50X, this usually being eoreres the day after collection. 

On extraction, all chironomid larvae were killed and preserved 
by freezing. Al] Sener inartebrates were killed and preserved with 
70% ethanol. 

b) Larvae on lake bottom. These larvae were collected using a 
modified Kajak corer (Kajak, 1965) which had a bite of 15.9 cm?. Core 
sampies were treated similarly to the plant samples except that they 
were placed unsieved in plastic bottles on collection, and were frozen 
immediately on returning to the laboratory. When ready for analysis, 
core samples were thawed at room temperature, sifted through a 180 p 
mesh sieve, and also examined under a microscope at 6-50X. 

On extraction, all chironomid larvae were re-frozen and all other 
invertebrates preserved in 70% ethanol. 

The technique of preservation of the chironomid larvae from the 
plant and core samples by freezing is considered superior to that 
involving usage of standard zoobenthos preservatives, such as formalin 
or ethanol. Freezing retains the natural plasticity of the larvae, 
thereby permitting easy orientation of the specimens for measurement. 
Additionally, it retains the natural transparency of the larvae, 


thereby eliminating, in most instances, the necessity to clear the 
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head capsule with potassium hydroxide to permit identification. 
Retention of the natural transparency also greatly facilitates 
examination of the larvae for parasites. 

Collection of larvae by methods a) and b) was done in a stratified 
random manner. On determination of the number of dead plant shoots in 
the entire Typha stand at the beginning of May, 1973, based on units 


cee me 


it was divided into five quadrats, so that each contained 
approximately equal numbers of plant shoots. This resulted in the 
Typha covered portion of the quadrats also being approximately equal 
in area. Subsequently, approximately equal numbers of live Typha 
shoots developed in each quadrat. 

Each unit of 1 me in each quadrat was assigned a number, and the 
choice of the unit in which samples were to be collected on each 2am- 
pling date was determined using a table of random numbers. The absence 
of any marked inter-quadrat differences in area, or in the number of 
live or dead plant shoots within each, resulted in the live and the 
dead plant shoot samples, and in the core samples, all being collected 
essentially in a proportional stratified random manner. 

Both plant and core samples usually were collected at intervals 
of five days throughout the summer, but less frequently in fall and 
winter 1973, and in spring 1974. 

On each sampling date an entire plant shoot (portion between 
the air-water- and the mud-water-interface) and a core was col- 


lected from each of the four randomly chosen quadrats. All sam- 


ples were collected from a boat. Each quadrat was sampled on four 


of every five consecutive sampling dates. Initially only dead 
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plant shoots were present; however, when the new growth appeared, four 
live Bhooes also were collected from the same quadrats as the dead 
shoots on each sampling date. 

3. Adults: 

To determine the emergence patterns and the number of specimens 
of each species successfully pence the aquatic phase of the life 
cycle, emergence traps were placed in the Typha stand at the beginning 
of May, 1973 and 1974 (Fig. 2). Since many of the larvae occurred in 
the plant shoots, only an emergence trap positioned at the air-water 
interface could be employed. None of those currently in use was con- 
Sidered satisfactory for one or more reasons, consequently a new design 
was developed. 

| a) Construction of emergence trap. The new emergence trap 

(Fig. 5) is constructed from 0.02" thick transparent vinyl plastic, 
cut to the shape of a circle with an arc, approximately two-fifths 
its size removed (Fig. 5A). Construction of the cone is accomplished 
by overlapping the two radial edges 1-2 cm, holding them in position 
with 3-4 thumb tacks, and bonding by the application of ethylene 
dichloride to the junction. Bonding is complete within 5-10 minutes. 
The apex of the cone is warmed over a flame and an 8 oz screw-top glass 
jar is slowly pushed through, bottom first, from below, thereby pro- 
ducing a collar. Acircular hole, 4.5 cm in diameter, is cut in the 
6 cm bakelite cap from the glass jar, and the cap is placed upside-down 


in the neck of the cone. It is held in this position by a hose clamp, 


to which a threaded bolt has been silver soldered (Fig. 5B). A second 


cone, also made from the transparent vinyl plastic, is constructed in 
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Rigs: 


Trap used to determine the emergence pattern and the number 
of specimens of each species of chironomid successfully com- 
pleting the aquatic phase of the life cycle. A: shape of 
plastic used to construct trap (one-quarter scale); B: hose 
clamp used to hold glass jar in position at apex of trap. 
Soldered to tne hose clamp is a boit for attaching the emer- 
gence trap to a stake in the study area (three-quarter 


scale); C: emergence trap (one-quarter scale). 
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a similar manner, but. with a hole 3 cm in diameter at its apex. The 
apical angle of the latter cone is greater than that of the former, 
thereby permitting the positioning of one on top of the other (Fiige -5C).. 

The lower cone covers an area of 0.1 me. To bond the two cones 
together, one is placed on top of the other and ethylene dichloride 
added to the junction. To strengthen the bond, and to eliminate the 
apex of the very acute angle at the point of bonding, a viscous solution 
of the acrylic plastic dissolved in ethylene dichloride is added to 
the inside. 

Two holes, each approximately 10 cm in diameter, are made in the 
upper cone near its apex by means of a hot metal lid. One is covered 
with a circle of nitex which is bonded to the acrylic plastic using 
waterproof glue. The other is covered with the same material but cut 
to the shape shown in Fig. 5C and bonded to the plastic only at the 
top. The lower edge of the nitex is attached to the trap by means of 
a piece of waterproof adhesive tape. The purpose of the holes is to 
permit circulation of air within the trap and hence minimize conden- 
sation, as the consequent shading might influence the behavior of the 
ascending pupae. The adhesive tape permits access to within the trap 
if necessary. 

To operate, the bolt soldered to the hose clamp is fitted into 
a groove machined in a metal rod and the trap is held in position by a 
wing nut. The metal rod, approximately 50 cm long, is attached to a 
stake driven into the sediment (Fig. 5B). The trap is positioned with 


its base 2-3 cm below the water surface. 


To service, the wing nut is loosened and the trap removed from 
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the water. A rubber bung is inserted in the hole at the apex of the 
lower cone to prevent escape of any specimens. Insects within the trap 
are killed by spraying them with dilute alcohol (ca. 30%) through the 
nitex windows, and then are drained into the jar at the top of the 
trap. The jar is unscrewed, the rubber bung removed and the trap 
rinsed out with water. A new jar is screwed into the top of the trap 
and the trap repositioned in the water. 

b) Efficiency of emergence trap. Two types of efficiency can 
be determined for an emergence trap, viz. trapping efficiency and 
retention efficiency. The former is the ratio of the number of indiv- 
iduals emerging inside a trap to the number which would have emerged 
there had the trap had no attractive or repulsive effect. Thus the 
value may range from zero to above unity. The latter is the ratio of 
the number of individuals in a trap after a given period of time to 
the actual number which entered it. Thus the value may range from 
zero to unity. As various physical parameters can influence both types 
of efficiency, experiments were performed in the laboratory. 

i) Trapping efficiency. A plastic swimming pool, 2.4 m 

in diameter, was filled to a depth of 40 cm with lake water, and mud- 
water interface sediment, which had been sifted through a 250 pl mesh 
sieve, added until a uniform layer approximately one centimeter thick 
was obtained. A conical framework consisting of 10 stainless steel 
rods, each approximately 0.4 cm in diameter, and with a base diameter 


of 2.4 m, was placed on the swimming pool and covered with 6 mil thick 


transparent polythene film. The polythene was attached to the top of 


the swimming pool and a window, 250 x 20 cm, was cut out at the base 
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of the polythene tent. An additional window, 15 cm in diameter, was 

cut out at the apex of the tent. Both windows were covered with 0.75 mm 
nitex. The windows were necessary to completely eliminate conden- 
sation on the inside of the tent. Access to within the tent was achieved 
via a longitudinal slit in the polythene. 7 

Chironomid egg masses were collected in the field, identified to 
species, and those of each species distributed as uniformly as possible 
on the bottom of the swimming pool. 

The water in the swimming pool was kept oxygenated by two aerators 
suspended in the water column, their position being moved every day. 
During determination of the efficiency of the emergence trap the aera- 
tors were switched off to eliminate the production of currents; how- 
ever, the water was aerated every one or two days for a few hours. 

Very few specimens emerged during this period, and any which did were 
discarded. 

Illumination was provided by a bank of six fluorescent lights 
directly above the swimming pool, and was run on a 12/12 hour light/ 
dark cycle. 

The emergence traps were positioned in the swimming pool as 
shown in Fig. 6. The position was altered each time the traps were 
emptied, but traps Ty» Tos and T3 always were in contact with the edge 
of the swimming pool, and traps Ty, Tg, and Tg never so. An attempt 
was made to keep each trap equidistant from the two nearest it. 

The trapping efficiency was determined over a period of 21 days. 
Collection of all chironomid adults from within the polythene tent and 


from each of the six emergence traps was made every two days, except 
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Fig. 6. Position of the six emergence traps (T,-T-) in the swimming 
pool during experiments to determine the Prapping and the 
retention efficiency of the trap. Scaie one-twentieth. 
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for the final collection, which was made after an interval of three 
days. Additionally, on each collection date the water surface was 
examined for adults. 
ii) Retention efficiency. As the retention efficiency of 

a trap could depend on the rate and number entering, and on the sex 
ratio of the specimens trapped, experiments were of two types. One 
set involved adding a known and constant number of adults to a trap 
each day, and the second set invoived adding a known number just at 
one specific time. In both sets of experiments the sex ratio was 
maintained constant at unity, and the traps were examined each morning. 
Specimens found floating on the water enclosed by the base of the trap 
either were dead or were unable to leave the water. Since these 
specimens could become waterlogged and sink, and/or be consumed by 
predators under field conditions, they were assumed "lost" and rep- 
resented a decrease in retention efficiency. In both sets of exper- 
iments the adults added to the traps were a maximum of one day old. 

The experimental design used for determining the trapping effi- 
ciency was employed for these experiments also. The only difference 
was that the base of each emergence trap was covered with a piece of 
transparent polythene film. This prevented the entrance of any 
emerging chironomids, and ensured retention of all "lost" adults. 
Additionally, all emergence traps were left in the one position. 

Experiments dealing with the number of specimens constantly added 
to an emergence trap each day covered a theoretical emergence rate of 
20-100/m@/day. Those dealing with the number added just at one specific 
time covered a theoretical emergence rate of 20-440/m*/day. Each of 


the former experiments was terminated after seven days, as this was 
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considered the maximum interval most investigators leave emergence 
traps in the field before emptying. Each of the latter experiments 
lasted on average for five days, as this Te the average time taken 
for all adults to die. 

For all efficiency experiments with the emergence trap, the 
average air and water temperature was 25°C (range, 24-26°), and the 
average relative humidity was 84% RH (range, 80-90). 

All experiments were conducted with G. lobiferus as only its egg 
masses were common when it was decided to start the experiments. 

Two types of statistical tests were performed on the data, viz. 
paired t-tests and Chi-Squared tests. All data analyzed using the 
paired t-test were checked for agreement with a Poisson series at 
P< 0.05 (Elliot, 1971, p. 42) and normalized using the appropriate 
transformation (Elliot, 1971, p. 33) prior to performing the test. 

D. Density of Each Species of Chironomid. 

In the present study three sub-habitats were sampled, viz. live 
plant shoots, dead plant shoots and the lake bottom. Because of the 
intra- and inter-quadrat variation in size of the live and dead plant 
shoots, it was necessary to obtain a common unit of measurement which 
would permit a summation of the density of larvae of a species in each 
of these sub-habitats. Additionally, it was necessary that this 
resultant combined density could be summed with the density on the 
lake bottom, so that the overall density of a species could be expressed 
in the most meaningful way, viz. number per square meter. 


The number of Typha-inhabiting larvae per square meter was 
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determined according to the following formula: No. of shoots /m* 

x Mean volume/shoot x No. of larvae/plant volume = No. of larvae/m°. 
To calculate the first term the number of live and dead plant shoots 
in the entire Typha stand was determined as outlined in section A. 
As the number of live and dead plant shoots removed on each sampling 
date was known also, combination of these data permitted determina- 
tion of the mean number of live and of dead plant shoots per square 
meter present in the Typha stand on each sampling date. 

As the volume of the sampled portion of live plant shoots (portion 
between air-water- and mud-water-interface) would increase due to 
growth, and that of the dead plant shoots could decrease due to decom- 
position, and/or consumption by detritovores, it was necessary to 
determine the magnitude of these changes. Consequently, the mean 
shoot volume was determined for the live and the dead shoots on each 
sampling date. Calculation of the correlation coefficient of each 
with time revealed no significant relationship (P< 0.05). Thus the 
second term in the equation may be considered constant. Additionally, 
as there was no significant difference between the mean volume of the 
live and the dead shoots, the second term was derived by determining 
| the mean volume of all plant shoots collected throughout the study. 
This gave a value of 251 cc, termed a Standard Plant Volume (hereafter 
referred to as S.P.V.). Division of the S.P.V. by the volume of a 
specific plant shoot, e.g. a live shoot, gives a factor by which the 
number of chironomid larvae of a species associated with that live 
shoot should be multiplied to determine the number per S.P.V. As the 


mean number of live shoots per square meter was determined for each 


A) iii ir, 


ag) 


sampling date, multiplication of this value by the number of larvae 
per S.P.V. gives the mean number of larvae per square meter of live 
Shoots. Similar calculations give a value for the dead shoots; 
combination of both gives a value for the mean number of larvae 

per square meter associated with the emergent vegetation. 

Determination of the number of larvae on the lake bottom 
within a square 1 m x 1 mwas not corrected to take into consid- 
eration the area occupied by the plant shoots. This was not con- 
sidered necessary as determination of the mean area occupied by 
live plus dead plant shoots throughout the study gave a mean value 
of 1.67% of a square meter. 

The values given for the total number of larvae of each species 
per square meter have been derived by summing the number per square 
meter in the live and in the dead plant shoots and on the lake 
bottom for each of the four quadrats sampled on each date, and 
subsequently determining the arithmetic mean of the four. 

The 95% confidence limits have been calculated for every 
density estimate; the method of calculation is given in Appendix 
bis 

During June and July, 1973, no egg masses of G. dreisbachi, 

G. lobaferus or Ge-nr. paripes“ were found in the egg traps. Be- 
cause of this, and the consequent forced termination of the study 


amb 


if no more were laid by any species in the study area, a searcn 


was made for chironomid egg masses at the end of July. This search 


See Appendix I. 
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revealed a large number of egg masses of G. lobiferus and G. nr. 
paripes which haa been laid approximately 200 m to the east of 
the study area in a stand of Scirpus validus. A total of 180 egg 
masses of each species were collected on July 30 and 31, and de- 
posited by hand in a regular distribution in the Typha stand on 
these two days. All egg masses were identified in the field using 
a dissecting microscope, and only those containing unhatched eggs 
were placed in the study area. 

During the latter half of August, egg masses were deposited 
by both G. lobiferus and G. nr. paripes in the study area! 

E. Fecundity of Chironomids. 

To determine their fecundity, field collected G. lobiferus, 
and laboratory reared G. lobiferus and G. nr. paripes were cul- 
tured individually in 8 oz glass jars containing lake water and 2a 
small piece of styrofoam. The laboratory specimens were obtained 
from the enclosed swimming pool described in Section C. A total 
of eight field collected and 12 iabaratary reared G. lobiferus, 
and three laboratory reared G. nr. paripes, were cultured but none 
of the females laid an egg mass before dying. An examination was 
not made of any other species. 

As counts were made of the number of eggs in most egg masses 
collected throughout the summers of 1972-74, these have been used as 
an estimate of fecundity. Those egg masses used solely for deter- 
mination of the egg number were dissolved in a \% solution of house- 


hold bleach prior to counting of the eggs. Because of a possible ad- 


verse affect on the eggs, this method was not applied to those egg 
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masses which also were used for rearing. Instead, these egg masses 
were partially compressed between two glass slides separated by two 
match sticks prior to counting. 

To determine the hatching efficiency of the eggs, egg masses 
collected in the field were identified to species and placed in indiv- 
idual 10 dram glass vials. The top of each vial was covered with a 
piece of 50 u mesh nitex which was held in place by the plastic snap- 
cap, the center of which had been removed. These vials were suspended 
just below the water surface or at the mud-water interface at various 
localities within the Typha stand. The contents of the vials were 
examined in the field frequently using a dissecting microscope, and 
‘records kept of the ambient water temperature. When no trace could be 
-found of an egg mass, the vial was brought back to the laboratory and 
its contents examined microscopically at 50X. All unhatched eggs were 
counted. These were considered dead as none ever hatched after placing 
in continuously aerated lake water at room temperature (ca. 20°C) 
for an additional 3-4 days. 

In calculating hatching efficiency the mean number of eggs per egg 
mass for a species as determined in Section E was employed. No attempt 
was made to count the number of eggs in any of the egg masses used in 
the experiments, as this might have affected the hatching efficiency. 

An examination was made of the role of parasites, and of low water 
temperature and/or being frozen in ice as possible larval mortality 
factors. 


All larvae collected were examined for parasites at 40-400X. 
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Records were kept of the identity of each host and of its parasite, 
and of the percentage parasitism on each Sampling date. 

Some of the hosts parasitized by mermithid nematodes exhibited 
the defense mechanism of parasite encapsulation. Consequently, 
records were kept both of the number of hosts which contained only 
encapsulated parasites, and those which contained one or more unencap- 
sulated parasites. 

To determine the role of low water temperature and/or being frozen 
in ice as a possible mortality factor, all plant samples collected ~ 
during the period ice was present on the lake were examined for dead 
larvae. For examination, each sample was removed from the refrigerator 
(4 + 0.5°C) and let stand at room temperature for approximately one 
hour, or for approximately one hour after all ice had melted. All 
larvae extracted were placed in a dish containing some of the sample 
water. Any larvae which did not respond to mechanical stimulation 
were assumed to have been dead when collected and to have died as a 
result of exposure to low temperature and/or being frozen in ice. 

One of the larvae which did not respond to mechanical stimulation 
contained a mermithid nematode. It was assumed to have died because 
of the parasite. 


G. Differentiation of Larvae from Overlapping Cohorts. 


In George Lake, G. lobiferus has two cohorts per year; one 
commences about the third week in May and is completed by the end 
of the summer. The cohort resulting from these adults commences 
about the first half of August, overwinters, and starts to emerge 2-3 


weeks after the ice has melted; however, as emergence continues 
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throughout the summer, there is a mixing of larvae and adults from 
the consecutive cohorts. 

The methods used for differentiating these larvae (and adults) 
are given in Appendix I. As very few of the larvae from the preced- 
ing cohort were found by the beginning of August (Figs. 16C, 236). 
and because of some difficulty in differentiating the morphs thereafter, 
all fourth instar larvae collected between July 31 and August 15 were 
assumed to belong to the first cohort in 1973. Thereafter until 
the end of August all fourth instar larvae collected were very small 
and consequently were assumed to belong to the second cohort in 
TOT; 

Similar problems in separating larvae of the 1972-73 overwinter- 
ing cohort of G. dreisbachi and of G. nr. paripes from those of the 
new cohort of each were not encountered, as essentially none of the 
overwintering larvae of either species was found after May 30. Separa- 
tion of the few fourth instar larvae of G. nr. paripes of this first 
cohort from those of the second cohort was done on the basis of body 
size as there were two size classes. Because of the results obtained 
with the G. lobiferus larvae (see Appendix I), the very small larvae 
were assumed to belong to the new second cohort. 

No problems were encountered in the separation of larvae of 
D. nervosus from consecutive cohorts, as there was usually at least 
a one instar gap between the minimum age of the overwintering larvae 
and the maximum age of the new cohort larvae. Additionally, similar 


body size differences as outlined above were evident. 


H. Collection and Rearing of Specimens. 


As no data were available on the species of chironomids in 
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George Lake, and since a basic requisite for the construction of life 
tables is the accurate differentiation of species in all devel opmen- 
tal stages (seven in chironomids, viz. egg, four larval instars, pupa, 
adult), the first summer also was spent in the regular collecting of 
egg masses and larvae, especially from the Typha stand and its environs, 
and rearing these through to the adult (both sexes). 

Because of the resultant familiarity gained with the egg masses, 
species identification of those collected in the egg traps during the 
summer of 1973 usually was immediately possible; however, those which 
caused hesitation in identification, or which were unfamiliar, also 
were reared out. 

For rearing, egg masses were placed individually in trays 
-(32 x 19 x 6 cm) containing lake water, sediment, and epiphytic algae 
which had been scraped off dead Typha shoots, all having been examined 
microscopically to ensure removal of all macro-invertebrates. The 
water in each tray was aerated gently and continuously, and period- 
ically some Tetra Min? was added. All cultures were examined fre- 
quently and some larvae were killed and preserved in 70% ethanol 
immediately on hatching from the egg, and in each of the three remain- 
ing instars. Pre-pupal fourth instar larvae from the cultures, and 
fourth instar larvae collected in the field, were reared individually 
in vials containing lake water. Specimens of both sexes were killed 
in the pupal and in the adult stage, and preserved in 70% ethanol. 


Notes were made on the coloration of the freshly killed specimens. 


3A food for tropical fish manufactured by Dr. R.N. Baensch, Melle, 
West Germany. 


a 


pri = nee oy cage La “eu 
bah 
* Ae “ht 4 
Pil. a 
wld bay nr } PT f W ‘phate gs 
, a Be ’ y 
x | ; pay 
t j ib, i 
ita i pee : ’ | j P 
| a ei “fa a i nrg cy. 
vee) a 1 / a canbe sas ome a fi 
1 oe ” ry a ¥ 
| ‘comin AN Ea me si me i ae he 
ming com teak « ae Whe | shy on ‘oid! : 
me iy eit _ j 
aes t jee - Ln ea log tela Bb nh ii ry eee ee wD 
a! ae Be ae ae | vs, 
ELOY se Ta ae hehe - aie si we cre aut ms tH, onlay a." 
Oy iy es oe nd Va E 4 ta ‘i . or aa 
f } Mike oo" i gy mu aang wi, ete ue ' a, 
me wy a t n i te tee 
Sky oh Re ee : ri, : an av 
a an ] ? i 
: ae - ) 
' 4 }: 
7 ; . 


35 


i. Preparation, Drawing and Identification of Specimens. 

To prepare specimens for drawing and identification, dissected 
adults, pupae and larvae first were cleared by placing in warm 10% 
potassium hydroxide for 5-10 minutes and then transferred to glacial 
acetic acid. The wings, and the legs from one side of each adult, 
were placed directly into the acetic acid. Subsequently, all were 
passed through two changes of absolute ethanol and mounted in Euparal 
under No. 1 coverslips. 

All drawings were made using a camera lucida. 

The classification of the Chironomidae follows that proposed 


by Hamilton, Saether and Oliver (1969). Identifications primarily 


follow Hamilton, Saether and Oliver (In Preparation). 


+ Trademark of G.B.I. (Labs) Ltd., Denton, England. 
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A. Surveying of Study Area. 
When the study area was first mapped on May 8, 1973, 596 dead 


Typha shoots were present, i.e. a mean density of 11.0 per square 
meter. On June 3, July 20, August 21, and September 30, 1973, the 
total number of live Typha shoots in the study area was 820, 870, 
874, and 850 respectively. The corresponding mean densities on these 


dates were 15.2, 16.1, 16.2, and 15.7 per square meter respectively. 


B. Physical Parameters. 

Throughout 1973 the water depth in the Typha stand was 50-55 cm. 
An atypically heavy snowfall during the winter of 1973-74 resulted 
in the water depth increasing to approximately 110 cm following the 
spring thaw. Subsequently, the water depth decreased slightly; how- 
ever, considerable rain in late June and in early July resulted in 
it increasing to 122 cm. Thereafter it declined (Fig. 7). 

Throughout most of the study the Typha stand was located 0.5-1.0 m 
from the shoreline; however, this distance varied up to a maximum of 
approximately 40 m in Spring and summer 1974 due to the fluctuating 
water level. 

The variation in water temperature in the Typha stand is shown 
in Fig. 8. The first measurement was taken on May 8, 1973, approx- 
imately one and a half weeks after the ice melted, when a value of 
12°C was recorded. Thereafter the temperature increased, though 


fluctuating strongly, until July 31, when a maximum of 30.5°C was 
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recorded at the air-water interface. Subsequently, the temperature 
dropped sharply to 18°C on August 5. The maximum temperature recorded 
in August was 22.5°C on the 15th., and in September was 18°C on the 
10th. By October 15 it had dropped to 4°C, and by November 5 it was 
Orc. 

Ice was recorded first on October 15 and increased in thickness 
as shown in Fig. 8. A maximum thickness of 51 cm was recorded on 
April 3, 1974, when it extended to the mud-water interface. Ice was 
still present in the study area on April 25, but was covered with a 
layer of water approximately 60 cm deep. On May 4 all the ice had 
disappeared, and the water was isothermal at 11°C. Thereafter the 
temperature increased, though fluctuating, to a maximum of 23°C on 
June 22. A value of 13°C was recorded on July 13. Subsequently, the 
water temperature increased to 22°C on July 27. No measurements were 
made after July 30. 

At no time during either summer was there any evidence of thermal 
stratification in the study area. 

Changes in water transparency in the Typha stand are shown in 
FigGae. Only on two occasions, May 30, 1973, and June 15, 1974, could 


the Secchi disc be seen at the mud-water interface. 


C. Efficiency of Emergence Trap. 
1. Trapping Efficiency. 


Results showing the number of chironomid adults of all species 
collected within the polythene tent and in each of the six emergence 


traps during each of the 10 collection periods are given in Table 1. 
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Table 1. 


Number of chironomid adults collected within the poly- 
thene tent and in each of the six emergence traps (T, - 


T¢) during the 10 collection periods. 


Collection Number 


Period 


™m 


in Tent 


158 
228 
420 
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As the calendar dates are irrelevant, each of the original collection 
periods has been assigned a letter (A-J). 

A paired t-test was performed to determine if there was a 
Significant difference (P< 0.05) between the number of adults caught 
in the peripheral traps (Ty > Tos T3) and in the central traps (Ty >» Tes 
Te). Results indicated that there was no significant difference 
(Table 2). 

As there was no edge effect, the data from all six traps were 
combined to determine if the trapping efficiency of the emergence trap 
for all species of chironomids combined differed significantly from 
160%. Since the six emergence traps sampled an area of 0.6 me the 
number of specimens collected in the polythene tent, i.e. emerging 
outside the six emergence traps, was expressed in the same units, and 
a paired t-test performed using the pairs of values obtained on all 
sampling dates (Table 3). Results indicated that the efficiency of 
the trap did not differ significantly from 100%. 

Identical analyses were performed on the data for each of the 
three most abundant species. These showed that there was no edge 
effect for any of the three species (Tables 4, 6 and 8) and that the 
efficiency of the trap for capturing G. lobiferus and D. nervosus did 


not differ significantly from 100% (Tables 5 and 9); however, for 


Endochironomus n. sp. the deviation in efficiency was significant, 


but just barely so (Table 7). 
2. Retention Efficiency. 
a) Addition of a constant number of specimens each day. 


Results obtained from these experiments are given in Table 10. The 
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Table 2. t-test to determine if there was a significant difference 
between the number of chironomids of all species caught 
in the peripheral (T)+T 547) and in the central (TatT,+T¢) 
emergence traps. 


ost jugular om 
| Traps Traps Traps Traps 

A 7 0.845] 6 0.7782 
B We 1.0792 16 1.204] 
¢ 38 T5798 35 1.544) 
D 31 1.4914 4] 1.6128 
E 43 Gedo 55 1.7404 
F 25 1.3979 28 1.4472 
G 20 1.3010 16 1.2041 
H | 3 0.477] “ 0.6021 
I 7 0.8451 6 0.7782 
J 4 0.6021 7 0.8451 

t for 9 DF at P= 0.05 = 2.26 Calculated t = 1.42 
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Table 3. t-test to determine if the trapping efficiency of the 
emergence trap for all species of chironomids combined 
was significantly different from 100%. 


CS a ee oe ee ee. Seek Sey eee ee 


Number Emerging per 0.6 me 
Seed Ss the Traps | Outside the Traps 
x log x y log y 
A 13 1.1139 24.2 Locco 
B 28 1.4472 34.9 1.5428 
C 73 1.8633 64.3 1.8082 
D 1 128373 79.1 1.8982 
E 98 1.9912 80.3 1.9047 
F 53 1.7243 57.2 1.7574 
G 36 Natale! oR LoOtt 
H UT 0.8451 23.0 1.3617 
I I Peaul39 1822 1.2601 
J 1] 1.0414 14.8 el L03 


t for © DF. at P= 0.05 = 2.26 Calculated t = 1.80 
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Table 4. t-test to determine if there was a significant difference 
. between the number of G. lobiferus caught in the peri- 
pheral (T)+T,+T) and in the central (1T,+T,-+T,) emergence 


traps. aT 

cltection fristerey —rorfoerey "Wiha!" eof" 

Traps Traps Traps Traps 

A 3 0.4771 2 0.3010 

B 5 0.6990 6 0.7782 

C 15 Teo 9 0.9542 

D 12 1.0792 7 0.8451 

E ec? 1.4314 40 1.6021 

F 16 1.2041 24 1.3802 

G 16 1.2041 10 1.0000 

H 3 0.4771 2 0.3010 

I 7 0.8451 5 0.6990 

J 2 0.3010 7 0.845] 
Ceroy Gobreat P= 0.05i= (2220 Calculated t = 0.23 
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Table 5.. t-test to determine if the trapping efficiency of the 
emergence trap for G. lobiferus was significantly differ- 
ent from 100%. 


Number Emerging per 0.6 me 


Bee sree wheres the Traps Outside the Traps 
Xx log x y log y 
A 5 0.6990 tie 5 1.0969 
B 11] 1.0414 ee) 1.9828 
C 24 1.3802 18.7 earns 
D 19 1.2788 27.4 1.4378 
E 67 1.8261 46.7 1.6693 
F 40 1.6021 39.9 1.6010 
G 26 1.4150 24.5 173892 
H 5 0.6990 18.8 1.2742 
I We 120792 hoe 1.2014 
J 9 0.9542 12.5 1.0969 
t for 9 DF at P< 0.05 = 2.26 Calculated t = 1.61 
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Table 6. t-test to determine if there was a significant difference 
between the number of Endochironomus n. sp. caught in the 
peripheral (T +To tT) and in the central (T,+T tT.) 


emergence traps. 


ae te Ser ebee 
Traps Traps 
A+B 2 0.3010 
C 18 1.2553 
D 13 1.1139 
C 14 1.1461 
F 8 0.9031 
G 3 0.4771 
H+I+J 1 0.0000 


t for 6 DF at P< 0.05 = 2.45 


Number in 
Central 


log # in 

Central 

Traps Traps 
5 0.6990 

16 1.204] 
29 1.4624 
1s VAS 

4 0.6021 

4 0.6021 

3 0.477] 


Calculated t = 1.38 
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Table 7. t-test to determine if the trapping efficiency of the 
emergence trap for Endochironomus n. sp. was significantly 
different from 100%. 


Number Emerging per 0.6 me 


aa Inside the'Traps; Outside the. Traps, 
x log x y log y 

hs ne, 0.8451 13.8 1.1399 

c ey 1.5315 34.9 1.5428 

D 42 1.6232 46.2 1.6646 

E 29 1.4624 32.0 1.5051 

F 12 1.0792 16.8 1.2253 

6 7 0.8451 6.9 0.8388 
H+T+J 4 0.6021 7.0 0.8451 


t for 6 DF at P< 0.05 = 2.447 Calculated t = 2.453 
nnn 
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Table 8. t-test to determine if there was a significant difference 
between the number of D. nervosus caught in the peripheral 


(T,+T,+T3) and in the central (T,+T.+Te) emergence traps. 


2 zat ee aaa sa ag aca ol 
Traps Traps Traps Traps 
A 1 0.0000 3 0.4771 
B 2 0.3010 4 0.6021 
c 4 0.6021 9 0.9542 
D-J 9 0.9542 5 0.6990 

ta fOneo Dr at P= 0.05 =*3.18 Calculated t = 1.35 
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Table 9. t-test to determine if the trapping efficiency of the 
emergence trap for D. nervosus was significantly different 
from 100%. 


Number Emerging per 0.6 me 


ne ah 4 Inside the Traps Outside the Traps 
ie x Tog x y log y 
A 4 0.6021 6.6 0.8195 
B 6 0.7782 Sag 0.9494 
C 13 1.1139 9.8 0.9912 
D 10 1.0000 4.9 0.6902 
E 2 0.3010 ESS 0.1761 
F-J (i 0.3010 Fa) 0.3010 


t for 5 DF at P< 0.05. = 2.9/7 Calculated t = 0.35 
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Table 10, Results from experiments to determine the retention effi- 
ciency of the emergence trap based on addition of a con- 
stant number of specimens each day. 


No. of days after starting expt. Cumulative number lost 


After After 
four days seven days 


Starting No. 
and No. added ] 2 3 4 5 6 7 


each day 

Cumulative number retained M F M F 
2 Z a 6 8 8 nO) 720 0 1 3 
Z Z 4 6 6 i 8 9g 1 1 Z 3 
2 2 A 6 7 7 8 8 0 ] 2 4 
2 2 4 4 6 SOG Piz = 0 2 0 2 
2 3 5 7 Oy (105 F120 ] ] 1 
Ape: 4 BP ld 2150" Sneeze. eco e0 1 0 2 
4 4 S12 a Ge 20s cs al ] 2 3 
A 3 i 10 14 ie el ees ] 2 2 
4 8 9 212. AS RG rd 3 3 6 
6 60 Hae TENG: a ee leo 3 5 7 12 
6 6 bls 14°) 14> top) ico 3 11 7 
6 6) 12> 1G 22.) 2be eso) aoe a ] 2 2 
6 Bee tO: 14. 192-2828 53ry <2 3 3 6 
8 Bw 16) 321 25. = -28n. 231s SU 2 13 1] 
8 Ge Jo 12h. 28 nce aeroe oy 3 6 8 12 
8 6 14 19 27 34 42 48 2 3 5 3 
8 De eigee20 eben 20M st ode 4 7 10 
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data were analyzed to determine if a Significant correlation existed 
between the percentage retention and the number of adults placed in 
the trap, i.e. if the retention efficiency was density-dependent, 
both variables being cumulative. The correlation coefficient was 
determined for each of the seven days of experimentation but none 
was significant (P <0.05). Consequently, the data from all experi- 
ments were combined and a correlation coefficient calculated between 
the cumulative percentage retention and the number of days expired 
since commencement of the experiment, i.e. the number of days since 
last emptying the traps. A correlation coefficient of 0.618 was 
obtained which is significant at P <0.005. The correlation coef- 
ficients for the semi-logarithmic and the log-log relationship were 
checked also, and values of 0.612 and 0.310 respectively were ob- 
tained. The best-fit regression line is given by the equation 

We= 11244 - 0:09. (Fig. 9). 

Application of a Chi-Squared test to the sex ratio of the cumu- 
lative number of adults lost after four and after seven days (Table 10), 
using the number of males and of females as the observed values and 
the mean of the total number of adults of both sexes combined as the 
expected values, showed that the sex ratio did not deviate signifi- 
cantly (P <0.05) from unity after four days (Table 11), but did so 
after seven days (Table 12). 


b) Addition of all specimens at one specific time. Results 


obtained from these experiments are given in Table 13. Analyses of 


the data as outlined above showed that a significant correlation 


(P <0.05) did not exist between the percentage retention and the 
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Table 11. Chi-Squared test to determine if any difference existed 
between the cumulative number of males and of females 
not retained by the emergence traps after four days. 
Data from Table 10. 
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Table 12. Chi-Squared test to determine if any difference existed 
between the cumulative number of males and of females 
not retained by the emergence traps after seven days. 
Data from Table 10. 
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Table 13. Results from experiments to determine the retention effi- 
ciency of the emergence trap based on addition of all 
specimens just at one specific time. 

Number of days after starting experiment 
Number ] a 3 4 5 Number 
placed in trap ; lost 

Cumulative number retained M F 
2 2 2 2 2 2 0 0 
4 4 4 2 2 2 ] 1 
6 6 6 5 5 5 0 1 
6 6 6 5 4 ut 0 2 
8 7 7 6 5 5 je wna? 
8 5 4 & 3 3 g 3 
10 10 10 10 10 10 0 0 
10 9 8 8 8 7 ] 2 
10 9 7 7 7 7 0 3 
14 14 14 14 te 12 ] 1 
16 16 16 15 15 15 ] 0 
16 14 13 10 10 10 2 4 
18 17 17 16 15 15 1 2 
20 20 18 15 15 15 1 4 
22 22 20 17 17 7 2 3 

22 21 16 13 13 11 4 

28 “a 25 19 18 18 4 
32 3] 29 20 18 16 7 2 
34 a3 30 26 25 25 4 ) 
34 34 33 oc 32 30 3 ] 
44 38! Foo 5 5 25 om Ghaled me Govential diftdy 
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number placed in the trap, i.e. the emergence rate. Calculation of 
the correlation coefficient between the cumulative percentage reten- 
tion and the number of days since the specimens were placed in the 
traps, i.e. the number of days since last emptying the traps, gave 
values of 0.578, 0.568 and 0.558 for the arithmetic, semi-logarithmic 
ant the log-log relationship. The best-fit regression line is given 
Dyecie equation Y = 100.78 - 5.66% (Fig. 10). 

Application of a Chi-Squared test to the sex ratio of the cumu- 
lative number of adults lost at the end of all experiments (Table 14), 
using the number of males and of females as the observed values and 
the mean of the total number of adults of both sexes combined as the 
expected values, showed that the sex ratio did deviate significantly 


(P <0.05) from unity. 


D. Fecundity of Chironomids. 


In Appendix J, which deals with the morphological differentiation 
of G. dreisbachi, G. lobiferus and G. nr. paripes in all developmental 
stages, a table is given (Table 1) which includes data on the number of 
eggs per egg mass of each species. In summary, the mean number of eggs 


per egg mass in G. dreisbachi was 519.4, in G. lobiferus Te was doles 


and in G. nr. paripes it was 1007.7. The value for G. dreisbachi is 


based solely on egg masses collected in the spring, whereas those for 
the other two species are based on egg masses collected in spring 
(=May) and summer (=dune-September). 

Comparison of the number of eggs in seven egg masses collected 


in spring and in six collected in summer showed no essential difference 
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Chi-Squared test to determine if any difference existed 
between the total number of males and of females not 
retained by the emergence traps. Data from Table 13. 


Table 14. 
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for G. nr. paripes, viz. 1009.7 and 1005.3 eggs per egg mass respec- 
tively. Examination of five spring and 12 summer egg masses of 
G. lobiferus gave mean values of 1248.0 and 1340.3 respectively. 

For D. nervosus, the number of eggs was determined in only three 
egg masses. One was collected on June 13, and two on July 1, 1973. 
They contained 362, 363 and 312 eggs respectively, giving a mean 


value of 345.7 eggs per egg mass. 


E. Life Tables’. 

1. Dicrotendipes nervosus 

Six egg masses were found in the egg traps between June 13 and 
July 1, 1973; all except one were collected between June 13 and 17. 
The mean number of eggs laid per square meter was 2880.0, and the 95% 
confidence limits were 1210.0 - 4667.0. Fifty per cent of the eggs 
were laid by June 15. 

Plant and core samples were collected on June 17, but no first 
instar larvae were found until June 21, the subsequent sampling date. 
A plot of the density of the larvae of the new cohort in the live and 
the dead Typha shoots and on the lake bottom, and of their total 
density on each sampling date is given in Fig. 11 (all density estimates 
with their 95% confidence limits are tabulated in Appendix III). As 
indicated, larvae were collected in all three sub-habitats, but least 
frequently on the lake bottom, where none was found after October 1. A 


plot of the change in the per cent of the larvae in each instar is given 


Sor explanation of the symbols used and the equations used to derive 
the population statistics see Appendix II. 
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Although the variance of the estimates of total larval density was 
high (Fig. 13D) a significant decrease did occur in population density, 
since calculation of the correlation coefficient between total larval 
density and time, starting with the peak density (920.6/m° - July 21), 
gave a value of 0.59 which is significant at P.<0.05. 

Except for one female collected in an emergence trap on July 23, 
1973, alk adults were trapped between June 4 and July 14, 1974 
(Fig. 14). A total of 62 adults were caught. Dates for completion 
of 25, 50 and 75% of emergence were June 13 and 17, and July 4 respec- 
tively. Estimates for the number of males, females and both sexes 
combined which successfully completed the aquatic phase of the life 
cycle (with the 95% confidence limits in parentheses) were 48.2 (22.6- 
81.4), 188.3 (121.8-267.3) and 236.5 (164.8-318.1) per square meter 
respectively. | 

A partial life table is given in Table 15, and various population 
statistics are given in Table 16. 

2. Glyptotendipes dreisbachi 

Eight egg masses of this species were found in the egg traps, 
and all were collected between May 22 and 25. The mean number of eggs 
laid per square meter was 6923.6, and the 95% confidence limits were 
2088.0 - 9245.3. Fifty per cent were laid by May 24. 

Although plant and core samples were collected on May 30, no 
larvae were found until June 3, the subsequent date of sampling. A 
plot of the density of the larvae per square meter in the live and 


in the dead Typha shoots, and of their total density on each sampling 


66 


hy esl ppracenees i 
: re ve @ b hd 89.0 Tommi eee 

Lt hi coon 
bv 06 whee. beetle deat ero 

: AGO alee hinkcacan ~ inte a 

‘aie hom OF bie 2 ingle ae eel ee 
‘ehh’ Shi hie soi ih ms bent “: ei 
r 73> Over oLeedae4 4 een i 
visto ively | 


ny ete fut 


= 


— os 
bal a iy 


PAY Nee 


ea: 


jp sy 290 


, = (06) Lv 


yoy ng an 


cn aaa mi 


Say ait $5 


w sevrst 
bff ev. aah fh a SR al eaviel seh Yo yai2iab etd, te Anta 


ee ee Si. mad 


bat it) 


Bie 


a ' : - May at) 
‘ > s 9 


‘. 


Ce daa he 4 sotees non 20h ep 
s6b4 25 "at bad = ah gt. Rethernecitaniovers wrtay Ths bao 
| Roleegreie 


weob ta baat rine a Ponds sAqyT bash wits AF, 


*(——) AI 4e}SuUL ‘(w—v¥) II] seqsul ‘(o—®) i weqsuL §(----) I wezsul “suezsul 


ANO} 42 JO YORA UL Z4OYOD P/-EZ6L 94} JO BeAURL SNSOAJeU *q 40 JUS Jad auy ut abueyg “ZL “BLY 


68 


OOL 


HVISNI HOV NI LNSO Yad 


| | 
‘ ¥ 
4 
7 : 
an 
: r 
4 | a] 7 ‘ | 
: 
is 7 
« 
= - | 
i! 
. 


ea 


ude 


N35 


Number of eggs laid and the total density of the resultant 
larvae of G. dreisbachi (A), G. lobiferus (summer cohort (B); 
overwintering cohort (E)), G. nr. paripes (summer cohort (C); 
overwintering cohort (F)), and D. nervosus (D) in the study 
area. Vertical lines represent the 95% confidence limits. 
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Fig. 14. 


Emergence patterns of the males and of the females (positive) 
and negative histograms respectively) of G. lobiferus and 

G.. nr. .paripes of the first cohort in 1973 ,endvorytne subse- 
quent cohort in 1974. The emergence pattern of the one co- 
hort of D. nervosus in 1973 and in 1974 is given also. No 
data were collected during the period June 22-29, 1974, as 
heavy rains and strong winds occurred throughout, and all 
emergence traps were lost. 
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TABLE 15. Partial life table for 0. nervosus for its 1973-74 cohort. All densities expressed es number per square meter. 


eee 


Sampling Calendar Duration Larval Adult Total Per Cent Pivotal No. of Females 
Date Age of Cohort Density Density Population Population Age x Surviving 1 v 
(days) Completed M F Density Surviving (days) to Reproduce S x 
a a ed ED eee ee ty A 
June 15 0 0.0 2880.0 2880.0 100.0 
3.0 
2 6 1.5 22.3 22.3 
8.5 
26 n 2.8 48.4 48.4 
: 13.5 
July 1 16 4.0 391.2 391.2 
18.5 
6 21 Sea 667.9 667.9 
i 23.5 
uv 26 6.5 382.3 382.3 
: 28.5 
16 31 7.8 713.1 713.1 
33.5 
21 36 9.0 920.6 920.6 32.0 
, 38.5 
26 a 10.3 518.8 0.0 2.356 §21.2 18.1 
43.5 3.027 6.002 0.346 
vn 46 11.5 444.6 444.6 15.4 
48.5 
Aug. 5 51 12.8 385.4 385.4 13.4 
53.5 
10 56 14.0 353.0 353.0 12.2 
58.5 
15 61 15.3 355.0 355.0 12.3 
63.5 
20 66 16.6 745.0 745.0 25.9 
68.5 
25 71 17.8 411.2 411.2 14.3 : 
: oar 3.5 
30 76 19.1 607.4 607.4 21.) - 
8.5 
Sept. 4 81 20.3 606.5 606.5 21.1 i 
F -0 
10 87 21.8 451.0 451.0 15.6 
90.5 
7 94 23.6 530.4 §3U.4 18.4 = 
24 101 25.4 268.3 268.3 9.3 ; 
104.5 
Oct. 1 108 27.1 582.0 582.0 20.2 Ae 
15 122 30.6 721.3 721.3 25.0 ; 
- 132.5 
Nov. 5 143 35.9 328.0 328.0 11.4 
160.5 
Dec. 10 178 44.7 176.6 176.6 6.1 
206.5 
Feb. 5 235 59.0 165.2 165.2 5.7 
; 281.5 
May 8 327 82.1 180.3 180.3 6.3 
340.5 
June 4 354 88.8 0.0 15.467 
355.0 32.655 0.009 1.555 
6 356 89.3 0.0 9.843 : 
358.0 0.000 0.000 0.000 
10 360 90.3 0.0 0.000 
361.5 0.000 0.000 0.000 
13 363 91.1 4.1 85.500 
365.0 69.954 0.048 8.294 
7 367 92.1 1.1 34.918 
368.5 9.491 0.006 1.037 
20 370 92.8 16.3 13.406 
372.5 6.654 0.005 0.864 
25 375 94.1 1.5 0.739 
377.5 0.000 0.000 0.000 
30 380 95.4 1.6 =7.733 
382.0 6.327 0.004 0.691 
duly 4 384 96.4 19.3 42.809 
386.0 33.300 0.023 3.974 
8 388 97.4 4.4 18.833 
389.5 6.327 0.004 0.691 
0:0 so 515 
VW 391 98.1 392.5 0.000 0.000 0.000 
Us a eke a ac 395.5 6.327 0.004 0.691 
” at ge Me ted 398.5 0.000 0.000 0.000 
20 399 100.0 0.0 0.000 0.0 0.0 
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date is given in Fig. 15 (all density estimates with their 95% confi- 
dence limits are tabulated in Appendix III). No larvae were found on 
the lake bottom. A plot of the change in the per cent of all larvae 

in each instar is given in Fig. 16A. 

The variance of the estimates of total larval density was high 
(Fig. 13A); however, a significant decrease did occur in population 
density, since calculation of the correlation coefficient between 
total larval density and time, starting with the peak density (704.0 - 
June 17), gave a value of 0.78 which is significant at P <0.01. 

Only one adult, a female, was collected in the emergence traps, 
on August 7. This was equivalent to a survivorship of 3.7 per square 
meter. The 95% confidence limits were 0 - 23.6 per square meter. 

A life table is given in Table 17, and various population 
statistics are given in Table 16. 

3. Glyptotendipes lobiferus 

a) First cohort. Four egg masses of the first cohort were 
found in the egg traps and all were collected during the period 
May 22-28. The mean number of eggs laid per square meter was 8324.2, 
and the 95% confidence limits were 1347.8 - 15475.2. Fifty per cent 
were laid by May 25. 

Similar to G. dreisbachi, no first instar larvae were found 
until June 3. Larvae of G. lobiferus were found in all three sub-hab- 
itats, but least frequently in association with the live Typha shoots. 
A plot of the density of the larvae in the live and the dead Typha 
shoots and on the lake bottom, and of their total density on each 


sampling date is given in Fig. 17 (all density estimates with their 
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95% confidence limits are given in Appendix III). A plot of the change 
in the per cent of all larvae in each instar is given in Fig. 16B. 

Similar to the preceding two species, the variance of the esti- 
mates of total larval density was high (Fig. 13B). Similarly also, 
calculation of the correlation coefficient between total larval den- 
sity and time, starting with the peak density (2233.5/m¢ ~ June 3), 
revealed a significant decrease in population density (r = 0.70, 
P= 0.01") 3 

Emergence commenced on June 24 and continued until August 22 
(Fig. 14). A total of 53 adults were collected in the traps. Dates 
for completion of 25, 50 and 75% of emergence were July 13 and 28, and 
August 12 respectively. Estimates for the number of males, females 
and both sexes combined which successfully completed the aquatic phase 
of the life cycle (with the 95% confidence limits in parentheses) were 
141.0 (31.9-310.8), 64.2 (34.2-101.3) and 205.2 (85.3-369.7) per square 
meter respectively. 

A life table is given in Table 18, and various population 
statistics are given in Table 16. 

b) Second cohort. A total of five egg masses of the second 

cohort were found in the egg traps, all during the period August 15-28. 
As 70 egg masses were deposited by hand in the Typha stand on July 30, 
and 110 on July 31, all in a regular distribution, the combined num- 
bers being equivalent to a deposition of 0.33 egg masses per 0.1 me 
(the area sampled by an egg trap), the total number deposited during 
the period July 30 - August 28 was 11875.0 eggs per square meter. 
The 95% confidence limits were 6165.4 - 16619.7 eggs per square meter. 
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Fifty per cent were deposited by August 15. 

First instar larvae of this cohort were found first on August 5. 
Larvae were found in association with both the live and dead Typha 
shoots on all except one sampling date (August 10, 1973), but on the 
lake bottom on only two occasions (September 24, 1973 and February 5, 
1974). A plot of the density of the larvae in each sub-habitat, and 
of the total density on each sampling date is given in Fig. 18 (all 
density estimates with their 95% confidence limits are given in 
Appendix III). A plot of the change in the per cent of all larvae 
in each instar is given in Fig. 19A. 

As with the total density estimates for the preceding cohort, 
those for the present cohort also had a high variance; however, in 
contrast to the former cohort, calculation of the correlation coei- 
ficient as outlined did not reveal any significant (P <0.05) decrease 
by population density. 

Emergence commenced on June 4 and-extended to September 5, 1974 
(Fig. 14). Dates for completion of 25, 50 and 75% of emergence were 
July 4 and 18, and August 8 respectively. Estimates for the number 
of males, females and both sexes combined which successfully com- 
pleted the aquatic phase of the life cycle (with the 95% confidence 
limits in parentheses) were 323.1 (180.6-499.8), 96.5 (9.2-250.0) and 
419.6 (179.8-746.5) per square meter respectively. 

A partial life table is given in Table 19, and various population 
statistics are given in Table 16. 


4. Glyptotendipes nr. paripes 


a) First cohort. Five egg masses were found in the egg traps, 
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TABLE 19. Partial life table for G. lobiferus for its 1973-74 cohort. All densities expressed as number per square meter 


Sampling 


Date 


Aug. 15 
20 


Aug. 1 


Calendar 


Age 


(days) 


0 


W7 


269 
296 


298 . 


302 
305 
309 
2 
317 
322 
326 
330 
333 


% Duration 
of Cohort 
Completed 


0.0 
1.3 
2:5 
3.8 
5.1 
6.6 
8.4 

10.2 

11.9 

15.5 

20.8 

29.7 

44.2 

68.3 

75.1 

75.6 

77.4 

77.4 

78.4 

79.2 

80.5 

81.7 

82.7 

83.8 

84.5 


Larval 
Density 


1875.0 
745.2 
871.9 
791.3 

1190.8 
1186.5 
899.2 
1219.2 
859.1 
996.4 
535.7 
458.7 
613.5 
625.3 


Adult Total Per Cent 
Density Population Population 
M F Density Surviving 

11875.0 100.0 
745.2 
871.9 
791.3 
1190.8 
1186.5 
899.2 
1219.2 10.3 
859.1 7.2 
996.4 8.4 
535.7 4.5 
458.7 3.9 
613.5 5:2 
625.3 5.3 
3.9 3.867 
10.2 6.328 
13.7 4,922 
17.4 §.825 
3.3 1.109 
16.3 0.000 
1.5 0.000 
23.2 11.600 
51.1 11.297 
23.7 9.951 
§.3 3.515 
18.5 3.867 
19.2 13.958 
§.5 5.545 
16.6 13.109 
23.3 4.067 
7.4 1.849 
20.3 12.200 
32.4 9.412 
14.6 1.055 
21.4 0.000 
22.7. 0.000 
23.0 4.300 
27.7 13.291 
2.3 1.173 
3.7 0.000 
1.0 0.000 
0.0 0.000 0.0 0.0 


Pivotal 
Age x 
(days) 


2.5 
7.5 
12.5 
17.5 
23.0 
29.5 
36.5 
43.5 
$4.0 
71.5 
99.5 
145.5 
221.5 
280.5 
297.0 
300.0 
303.5 
307.5 
310.5 
314.5 
319.5 
324.0 
328.0 
331.5 
334.5 
337.5 
340.5 
343.0 
345.5 
348.5 
352.0 
355.5 
359.0 
363.0 
367.0 
371.5 
376.5 
381.5 


No. of Females 
Surviving 
to Reproduce 


90 


F 
: 
i 
é 


eonpentle OF Pete fe rere gt aaa wi 
ei 


ae ee Le So wtincnabalraa aie 


: ~ 
i hie? i at fee. 


a ER ee ih ae 
=o” CEA coho. NE os. Oe 
oh 8.) 

si ay 
#.8t 
Phar} 

hea 

6% 

ot 

a 

i» 

LP 

f : va 
het 
’ 0, #5 
rie 

4a al fs eae ; 

‘ie 4h 
ist le Pet 
3 4 8. <8 
typ ay. ae 
ie (Ome: €.e% 
Vo ool aud : 0. 0k 
7" in a 3 
. fuse wae ds 
, Se we (ee 
{ H.e Was Farid 


cae! ae Ae ae 
em, i F 

$ ra sca 7 i at ele st ie “a | 
4 54 Shae a a oe i" ; A te 


a rag Ey es on: Ps 7 
ne ae 
ay Se 

ees ao > eee 

ibe X ~ ie ' a a 

oo Hee 
a Lee 

’ ® ~ ; a 
a 
al Fe e Aes 

ue 


; 

4 

2 
an 

is 


Fa 

£ 

- 
- * 

¥ 
7 


“, nee 
Bicol 


9] 


all during the period May 22-28. The mean number of eggs laid per 
square meter was 8410.8, and the 95% confidence limits were 858.2 - 
14600.3. Fifty percent of the eggs were laid by May 25. 

Similar to G. dreisbachi and the first cohort of G. lobiferus, 
first instar larvae were not found until June 3. A plot of the 
density of the larvae in the live and dead Typha shoots and on the 
lake bottom, and of the total density on each sampling date is given 
in Fig. 20 (all density estimates with their 95% confidence limits 
are given in Appendix III). As indicated, larvae occurred in all 
three sub-habitats but were found least frequently in the live Typha 
shoots. A plot of the change in the per cent of all larvae in each 
instarsissgiven’ in :Pig:.1 6D. 

The variance of the estimates of total larvai density was high 
(Fig. 13C); however, a significant decrease did occur in the population 
density, since calculation of the correlation coefficient between total 
larval density and time as described previously, gave a value of 0.76 
which is significant at P< 0.01. 

Only five male adults were caught in the emergence traps and 
these emerged between July 20 and August 13. This was equivalent to 
a survivorship of 18.8 per square meter after the aquatic phase of the 
life cycle. The 95% confidence limits were 4.8 - 37.8 per square 
meter. 

A life table is given in Table 20, and various population 
statistics are given in Table 16. 

b) Second cohort. A total of five egg masses of the second 


cohort were found in the egg traps, all during the period August 13-28. 
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As 60 egg masses were deposited by hand a the Typha stand on July 30, 
and 120 on July 31, all in a regular distribution, the combined 
numbers being equivalent to a deposition of 0.33 egg masses per 

0.1 me (the area sampled by an egg trap), the total number deposi- 

ted during the period July 30 - August 28 was 6665.1 per square meter. 
The 95% confidence limits were 2915.4 - 10153.5 eggs per square meter. 
Fifty per cent were deposited by July 31. 

Larvae of this new cohort were found first on July 31, when two 
first instar and two second instar larvae were collected in the plant 
samples. A plot of the density of the new larvae in the live and in 
the dead Typha shoots, and of their total density on each sampling 
date is given in Fig. 21 (all density estimates with their 95% con- 
fidence limits are given in Appendix III). No larvae were found on 
the lake bottom. A ptot of the change in the per cent of all larvae 
in each instar is given in Fig. 19B. 

Similar to those for the preceding cohorts, the estimates of 
total larval density had a high variance (Fig. 13F). In contrast to 
the corresponding cohort of G. lobiferus, calculation of the correla- 
tion coefficient between total larval density and time, starting with 
the peak density (688.1/m? - September 10), showed that there was a 
significant decrease in the population (r = 0.74, P< 0.05). 

Emergence extended from May 21 to May 31, 1974 (Fig. 14), and 
25, 50 and 75% was completed on May 23. A total of 40 adults were 
caught. Estimates for the number of males, eiailee and both sexes 
combined which successfully completed the aquatic phase of the life 


cycle (with the 95% confidence limits in parentheses) were 
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52.3 (0.3-151.0), 109.7 (6.3+631.0) and 161.9 (28.2-386.9) per square 
meter respectively. 
A partial life table is given in Table 21, and various popu- 


lation statistics are given in Table 16. 


F. Mortality Factors. 


Results of experiments to determine the hatching efficiency 
of eggs of G. lobiferus and G. nr. paripes under field conditions are 
given in Table 22. The temperatures listed are mean values for the 
duration of each experiment and, except for that with a mean of 24°C, 
cover a maximum range of 4°C. The experiments with a mean temperature 
of 24°C were started at 30°C and no trace of any of the egg masses 
was evident four days later, when the water temperature was 18°C. 
Results at 16°C are for egg masses placed at the mud-water interface, 
and with spring collected egg masses; those at the other temperatures 
are for egg masses placed at the air-water interface and are with 
summer collected egg masses. Because of the variation in the number 
and in the time of availability of egg masses of each species, only 
the experiments at 24°C were performed concurrently. 

Larvae of all except the very rare species were found parasitized 
by mermithid nematodes; however, almost all hosts were either D. 
nervosus, G. dreisbachi, G. lobiferus or G. nr. paripes. These four 
species comprised 90-95% of all larvae in the study area. 

There was one major peak in the per cent of D. nervosus larvae 
found parasitized, viz. July 26, 1973, when a value of 32.0% was 
recorded (Fig. 22). This species exhibited the defense mechanism of 


parasite encapsulation, but the mean per cent of the hosts in which 
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Table 22. Comparison of the hatching efficiency of eggs of 
G. lobiferus and G. nr. paripes under field conditions. 


Water Temperature (C) 


16 18 21 24 


Number of Dead Eggs Per Egg Mass 
Glyptotendipes lobiferus 


10 1 2 163 
35 3 4 18] 
18] 35 6 
si 
9 
Mean 75.3 13.0 5.6 17250 
Mortality (%) 6.0 1.0 0.4 12.8 


Glyptotendipes nr paripes 


2 5 20 158 
4 6 20 179 
11 
68 
Mean 3.0 22.5 820-0 168.5 


Mortality (%) 0.3 hs 220 16.8 
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all of the parasites were encapsulated was only 0.4%. 

| G. dreisbachi was parasitized heavily by mermithids. Two infec- 
tion peaks were recorded, viz. June 13, when 58.5% were found para- 
sitized, and July 21, when a value of 73.4% was recorded. This species 
also exhibited the defense mechanism of parasite encapsulation, and the 
mean per cent of the hosts in which all of the parasites were encapsu- 
lated was 12.1% (Fig. 23A). 

The first cohort larvae of G. lobiferus in 1973 were parasitized 
by mermithids, and there were two major peaks in the per cent found 
infected. Similar to G. dreisbachi, the first was recorded on June 13, 
but the second was recorded on August 15 (Fig. 23B). On the former 
date 33.1%, and on the latter date 28.6%, af the larvae were found 
parasitized. These larvae also exhibited the defense mechanism of 
parasite encapsulation, but not to the same extent as did those of 
G. dreisbachi; the mean per cent of the hosts in which all of the mer- 
mithids were encapsulated was only 0.4%. 

G. lobiferus larvae of the 1972-73 overwintering cohort also were 
parasitized by mermithids. Only three larvae were found parasitized 
by mermithids which, because of their size, probably entered the hosts 
in 1973. One was collected on June 7 containing an encapsulated nema- 
tode, one on June 13 containing two nematodes, one of which was encap- 
sulated, and one was found on July 21 containing a nematode (Fig. 236): 

Similar to the larvae of the preceding cohorts, those of the 
second cohort in 1973 also were parasitized by mermithids. There were 
several peaks in the per cent found parasitized, and the maximum re- 


corded was 28.2% on October 1, 1973 (Fig. 24A). The mean per cent of 
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Total number per square meter of larvae of G. dreisbachi (A), 
G. lobiferus (B) and G. nr. paripes (C) (m ), the total per 
cent parasitized by mermithid nematodes ( @ ), and the total 
per cent parasitized minus the total per cent in which all 
the mermithids were encapsulated ( O ) during the first co- 
hort in 1973. The total density of G. lobiferus larvae of 
the preceding cohort ( ) and the infection levels (@,0O) 
(C) are given also. 
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Fig. 24. Total number per square meter of larvae of the 
1973-74 cohort of G. lobiferus (A) and 
G. nr. paripes (B) ( ), the total per cent 
parasitized by mermithid nematodes ( @ ), and the 
total per cent parasitized minus the total per 
cent in which all the mermithids were 
encapsulated ( 0 ). 
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the hosts in which all of the nematodes were encapsulated was 1.2%. 

There were four major peaks in the per cent of G. nr. paripes 
larvae of the first cohort in 1973 which were found parasitized. 
Thesesoccurred on June’ 13 (27.4%), July 11 (17.7%), July 31. (27<9%) 
and August 20 (27.3%) (Fig. 21D). Similar to D. nervosus, and to 
G. lobiferus larvae of the first cohort in 1973, the mean per cent 
of G. nr. paripes larvae in which all of the parasites were encap- 
Sulated was only 0.4%. 

Larvae of the second cohort of G. nr. paripes in 1973 also were 
parasitized by mermithids. Similar to those of G. lobiferus in the 
corresponding cohort, there were several peaks in the per cent found 
parasitized. A-maximum value of 29.1% was recorded on December 10, 
1973. The mean per cent of the hosts in which all of the mermithids 
were encapsulated was 1.7% (Fig. 24B). — 

Parasites other than mermithid nematodes were found very rarely 
in the chironomid larvae. Throughout the study, only six larvae were 
found parasitized by Microsporida (Protozoa), one by a fungus 
eect enanvces sp. (Blastocladiales)), and one by a nematode tenta- 
tively identified as a spiruroid (Spiruroidea). 

Examination of all plant samples collected during the period ice 
was present on the lake to determine the role of low water temperature 
and/or being frozen in ice as possible mortality factors, revealed the 
occurrence of very few dead (see Section F in Methods for definition) 
larvae. Invariably, less than five dead larvae were found on any 
sampling date. Mortality never was restricted to one species and al- 


ways was correlated with abundance. 
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V. DISCUSSION 


In the present study four sampling methods were employed in 
assessing the abundance of the eggs, larvae, pupae and adults of 
the chironomids. These included submerged inverted funnel traps 
( 2 egg traps) for the eggs, a corer and a plant sampler for both 
the larvae and the pupae, and emergence traps for the adults. The 
reliability of each method will be discussed. 

Few data have been published on the egg laying habits of 
chironomids. They tend to indicate that the female just flies or 
bobs low over the water surface and expels the egg mass, and does 
not exhibit any real selection in the oviposition site (cf. Nielsen, 
1962). Although egg masses have been found attached to pieces of 
floating plant or debris, this may be simply a result of the adhesive 
nature of the jelly in which the eggs are embedded. In the absence 
of something to adhere to, egg masses probably sink to the bottom 
soon after being laid. Such has been reported for those of Glypto- 
tendipes paripes Edwards (Nielsen, 1962). 

In view of the above, especially since Nielsen's observations 
were on a species of Glyptotendipes, the fact that 1) the study area 
was well protected from wind and wave action, 2) the egg traps were 
maintained 1-2 cm below the water surface, and 3) an attempt was made 
to keep the study area free from floating debris, it is believed that 
the egg traps provided an unbiased estimate of the number of egg 


masses laid in the Typha stand. 


A modified Kajak corer (Kajak, 1965) was used to collect any 
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larvae and/or pupae on the lake bottom as a corer is considered in 
most instances to be the best for collecting representative benthos 
samples (cf. Brinkhurst, 1967). Additionally, as the dispersion 
pattern of most benthic invertebrate populations appears to be con- 
tagious, a small] sampling unit is more efficient statistically than 
a large one (Elliott, 1971). A new sampler was developed for samp- 
ling the larvae and pupae in the Typha shoots as none of the existing 
| designs was considered suitable for one or more reasons (McCauley, 
In Press a). The rapid delimitation of each plant shoot, its col- 
lection in its entirety, and in accompaniment with the surrounding 
water, probably resulted in few of the invertebrates associated with 
it escaping. 

As described previously (Methods - section D), the number of 
larvae collected in the live and the dead plant Shoots was adjusted 
and expressed always in terms of the Standard Plant Volume (S.P.V.) 
before calculating the number per square meter. Expressing the 
density of the larvae always in terms of a constant volume of plant 
(S.P.V. = 251 cc) must have resulted in overestimating their density 
in the live plants early in the growing season, and underestimating 
it late in the growing season. No estimate can be made of this error 
as no significant change was found in the volume of the live shoots 
collected throughout the summer. As many of the live shoots had grown 
sufficiently to protrude through the water surface by late May, 1973, 
when the chironomids oviposited in the study area, and since the only 
part of each plant shoot sampled was that between the air-water- and 


the mud-water-interface, the degree of over- and under-estimation of 
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the larval density in the live shoots probably was minimal. 

All core samples were sifted through a 180 yu mesh sieve, and 
the water from all plant samples was strained through a 156 pi mesh sieve 
to maximize retention efficiency (identical sizes in brass and nitex 
were not obtainable at the start of the study). Although no tests were 
performed to determine the efficiency of either mesh size for retain- 
ing the first instar larvae, results from a previous study (McCauley, 
1974) showed that there was no significant difference (P<0.05) in 
the number of such larvae retained in sieved and unsieved samples, 
using a mesh size of 177 yi and specimens which had been killed by 
freezing. Despite the smaller (156 11) mesh size of the sieve which 
was used in the field to strain the water collected with each plant 
‘shoot, first instar larvae may have been lost as they were alive, and 
the width of their head capsule was about 130 yp. Since the water was 
strained rapidly and the sieve was vibrated very little, losses may 
have been minimal. All plant samples were sorted live to maximize 
extraction efficiency of the chironomids; however, because of the time 
required for this and other aspects of the study, and the high sampling 
frequency, the core samples had to be preserved for subsequent examin- 
ation. 

The emergence trap used appears to provide reliable results. The 
data obtained in experiments to determine its trapping efficiency show 
that only for Endochironomus n. sp. did the efficiency differ signifi- 
cantly from 100% (Tables 5, 7 and 9). This may have resulted simply 
from the dispersion pattern of the species on the bottom of the swimming 


pool. Alternatively, it could have resulted from a shading effect by 
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the traps, the difference between the species being due to Endochiro- 
nomus n. sp. emerging when the lights were on and the other two species 
emerging in darkness. Under field conditions chironomids feomuertulsy 
emerge after sunset, but many species emerge during daylight (Oliver, 
1971). If a shading effect by the trap was involved it is doubtful 
that it would exert a significant effect in the Typha stand because of 
the greater shading effect by the plants and the high turbidity of the 
water (Fig. 7). Under field conditions, the number of specimens emer- 
ging inside the traps could be affected by water currents. In view 

of the sheltered nature of the study area and the tendency for many 
species of chironomids to emerge after sunset when conditions frequently 
are calmer (no data were gathered on the species in the Typha stand), 
‘such an effect may have been minimal. 

In the case of the retention efficiency, neither method tested, 
viz. addition of a constant number of specimens each day, and addition 
of all specimens at one specific time, is truly representative of that 
occurring in the field; however, as there was no significant correlation 
between the number of adults placed in the trap and the per cent reten- 
tion in either case, it is probable that the same result would be ob- 
tained for all emergence patterns. As addition of a constant number of 
specimens to the emergence trap each day approximates field conditions 
more closely, the regression line obtained for per cent retention and 
time (Fig. 9) has been used in estimating the true emergence success of 
each species in the Typha stand (see below). Ideally, experiments on 
the trapping and the retention efficiency should have been performed 


also in the field, in different localities and under a variety of 
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weather conditions. Because of the time required for other aspects of 
the study, and the fact that it took approximately four months to com- 
plete the laboratory experiments, field experiments were not eonaiered 

Several life tables are necessary covering a number of cohorts of 
a population to permit determination of the relative importance of the 
various mortality factors. Since in the present study two of the 
species were studied for only one cohort and two for only two cohorts, 
and especially because of the variance of the density estimates, it 
seems prudent to combine all of the data to construct a generalized 
survivorship curve from which to estimate mortality rates and the causal 
factors. 

The generalized survivorship curve is given in Fig. 25 and was ob- 
tained by plotting the survivorship (total population density as a per 
cent of the number of eggs laid initially) against the number of days 
since the beginning of the cohort (as a per cent of the total duration 
of the cohort (hereafter referred to as cohort time)). Because of the 
necessity to make certain assumptions and apply certain correction 
factors to the data to construct the generalized survivorship curve, all 
will be discussed before considering its implications. 

Whilst oviposition by females is extended over a period of time, 
in constructing life tables it is considered as being concentrated at 
one point of time (Dublin and Lotka, 1925). Although in life tables all 
values are expressed in relation to the pivotal age, j.e. the midpoint 
between two consecutive sampling dates, it is believed more meaningful 
to consider a cohort as beginning on the date by which 50% of the eggs 


have been laid, since usage of the mid-point of the egg laying period 
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Generalized survivorship curve for a chironomid derived from 
data on D. nervosus ( 4), G. dreisbachi ( A), G. lobiferus 
(summer generation @ 3; overwintering generation oO ) and 

G. nr. paripes (summer generation #3; overwintering gener- 


ation o ). Curve fitted by eye. 
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assumes a constant rate of oviposition. The standard concept of termin- 
ation of a cohort, i.e. the maximum pivotal age, has been retained. 

For all except one of the cohorts (the first cohort of G. lobiferus 
- Table 18) the total population density represents a summation of the 
density of just the larvae and the adults. The fact that no pupae of 
the first cohort of G. dreisbachi or of G. nr. paripes were found most 
likely was due to few larvae of each surviving to pupate, and to the 
short duration of this stage. Laboratory rearings at temperatures 
similar to those in the field indicated that the pupal stage of these 
and other species lasted only about two days. No pupae of D. nervosus, 
or of the second cohort of G. lobiferus or G. nr. paripes were found 
before May 8, 1974, the last date on which plant and core samples were 
collected. 

As discussed in Appendix II, no method was found to differentiate 
pupae of G. lobiferus from overlapping cohorts; however, as a method was 
found for the adults, the number of pupae found on each date plant and 
core samples were collected were divided in the same proportion as was 
determined for the adults emerging at that time. It is these values 
which are listed for pupal density. As the plant and core samples were 
collected every five days during the summer, and as the pupal stage 
appeared to last only about two days, it is improbable that any speci- 
mens would have been in this stage on consecutive sampling dates. 

The density values listed for the adults in the life tables have 
been derived by applying a correction factor to the estimates for the 
number of specimens which emerged, and subsequently applying a value 


for their mortality rate. Although a species' emergence rate varies 
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with time (cf. Fig. 14), it has been assumed that the rate was constant 
during the period between any two consecutive dates on which the emer- 
gence traps in the Typha stand were emptied. Since the emergence traps 
were emptied usually every two or-three days, such an assumption should 
not be too erroneous. 

As discussed previously, the regression line given in Fig. 9 has 
been used in estimating the true emergence success of each species in 
the Typha stand. The data used to develop this regression line showed 
that significantly more females than males were lost from the traps after 
seven days (Table 12). As no significant LAs Ses found after 
four days (Table 11), and since the traps usually were emptied more fre- 
quently than this, the one regression line has been applied to both 
sexes. 

In the case of the mortality rate of the adults, the data obtained 
in the 21 experiments to determine the retention efficiency of the emer- 
gence trap, based on addition of all specimens at one specific time, 
phoned that the average time required for the death of all adults was 
five days (range 4-6 days). Since the specimens used in these experi- 
ments were a maximum of one day old when initially placed in the traps, 
the average longevity was 5.5 days. In these experiments also signi- 
ficantly more females than males were lost from the traps (Table 14). 
This could have resulted from their being attracted to the water surface 
to lay their eggs, becoming trapped, and subsequently dying there; how- 
ever, only three egg masses were found during all the experiments to 
determine the trapping efficiency based on addition of all specimens at 
one specific time, and only four during all experiments involving the 


other method. Other behavioral differences could have been involved, 
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such as intersexual differences in the degree of activity and in res- 
ponse to being confined in a small area. As these experiments were not 
designed specifically to determine intersexual differences (or even 
total adult longevity), and since detailed studies by Biever (1967) 

on the survival of both sexes of three species of chironomids showed 

no significant (P< 0.05) intersexual differences, both sexes of G. 
lobiferus have been assumed to live for the same period of time. Thus 
the best available estimate for the average longevity of the adult 
stage of G. lobiferus is 5.5 days. This value is quite similar to 
those obtained by Biever (1967) for two species of similar size 
(Goeldichironomus holoprasinus and Chironomus # 51) under similar 
temperature conditions. In the absence of data on the other three 
species, a Similar longevity has been assumed for them. This may not 
be too erroneous for two of them as they also belong to the genus 
Glyptotendipes and are similar in size to lobiferus. For all four 
species adult mortality has been assumed to be linear with time, since 
in the experiments to determine the retention efficiency of the emer- 
gence trap based on addition of all specimens at one specific time, the 
best-fit regression line was linear (Fig. 10). 

Thus, in summary, on estimating the true emergence success of a 
species for each period using the regression line in Fig. 9, 81.8% of the 
adults were assumed to be still alive after one day, 63.6% after two days, 
etc. As the emergence traps were examined more frequently than at 5.5 
day intervals, the values given in the life tables for the density. of the 
adults on each date represent the estimated true number which emerged 
plus those assumed alive from the previous sampling date(s). 


The values listed for the number of females surviving to reproduce 
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are 81.8% of the number estimated to emerge on each sampling period, 
since a related species, Glyptotendipes paripes, has been shown by 
Nielsen (1962) to oviposit one day after emerging. 

Despite the fact that the generalized survivorship curve (Fig. 25) 
is derived from data on four species, on six cohorts which varied in 
length from approximately 3-13 months and which had estimated starting 
densities which differed by up to a factor of four, there is only 
moderate spread in the data. Although the second cohort of G. lobi- 
ferus and G. nr. paripes each started with an oviposition period of 
28 days, only a small error is involved in estimating the per cent of 
the cohort time completed by each species using the date by which 50% 
of the eggs were deposited, since the duration of these cohorts was 
394 and 312 days respectively (Tables 19 and 21). 

The greatest spread occurs during the period between completion 
of 15 and 30% of the duration of the cohort. During this period the 
data for five of the cohorts are similar, but those for D. nervosus 
suggest a higher survivorship. This may be correct, but also could be 
due to a second input of eggs to the population, even though none was 
found in the egg traps. Even if one assumes a greater survivorship 
by D. nervosus during this period, all cohorts still show a close sim- 
ilarity in their mortality pattern. Mortality appears to be concen- 
trated in early and late life. The generalized survivorship curve 
suggests that 1) by completion of only 20% of the duration of the 
cohort only approximately 10% of the initial population is still alive; 
2) for approximately the subsequent 60% the mortality rate is low; and 
3) for the final 20% it is high. In view of this apparent pattern, 


mortality in each of the cohorts initially will be considered on the 
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basis of these three periods. 

Field experiments to quantify the hatching efficiency of the 
eggs were done only with those of G. lobiferus and G. nr. paripes. 

The results (Table 22) suggest that under the conditions prevailing in 
the Typha stand in late May, 1973 (data for 16°C), when the first co- 
hort of G. dreisbachi, G. lobiferus and G. nr. paripes started, the 
the hatching efficiency of the eggs was very high. 

No studies were conducted on the role of parasites or predators 
as agents of egg mortality. Mortality due to parasites probably was 
minimal, since all of the egg masses collected in the Typha stand, and 
from various other localities in George Lake (over 100 egg masses in 
total), for rearing in the laboratory contained very few eggs which did 
not hatch. Mortality due to predators also may have been low. Po%en- 
tial predators, e.g. leeches and amphipods, were present but not very 
common during the period in which the eggs were laid. Although gut 
analyses were not performed on these specimens, results from a previous 
study in another lake involving analyses of leeches, damsel fly and 
dragon fly larvae, and caddis and chironomid larvae when egg masses were 
found on the lake bottom, revealed that none of the specimens contained 
any eggs in their degestive tract. 

The hatching efficiency of the eggs also was high under the con- 
ditions prevailing in the Typha stand when the second cohort of G. lobi- 
ferus and G. nr. paripes began. As explained previously (Methods - sec- 
tion D), 180 egg masses of each of these species were placed by hand 
in the Typha stand on July 30 and 31. Experiments with egg masses of 


both species begun at this time gave mortality values only of 
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approximately 13 and 17% respectively (Table 22 - data for 24°C). 

Egg mortality due to predation could have been important at this time, 
Since the numbers and kinds of potential predators was much greater 
than in late May. 

No experiments were conducted on the hatching efficiency of eggs 
of D. nervosus. 

Thus it appears that much of the mortality indicated by the 
generalized survivorship curve to occur in the first 20% of the cohort 
time probably took place in the larval stage. Examination of the age 
structure of the larval population of G. dreisbachi and of the first 
cohort of G. lobiferus and G. nr. paripes (Fig. 16A, B and D) shows 
that up to the date by which 20% of the cohort time was completed all 
‘larvae of each were just in the first two instars (the approximate 
date for all three species is June 13). On June 13 most (84%) of the 
larvae of G. dreisbachi were in the second instar, and most of G. lobi- 
ferus and G. nr. paripes (89 and 87% respectively) were in the first 
instar. Consequently, in these three cohorts the high mortality 
occurred in the first two instars, and for G. lobiferus and G. nr. 
paripes occurred primarily in the first instar. This mortality could 
have been due predominantly to the mermithid nematodes, as the largest 
number and per cent of infections in each of these species was found 
in first instar larvae. The number of first instar larvae of each 
species which died as a result of penetration by the juvenile mermi- 
thids through the body wall or through the gut, and consequently which 


were not found, can only be speculated upon. 


In the case of mortality due to predation, as mentioned previously 
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potential predators were present but not very common in late May and 
early June. Additionally, they were of a size which would suggest 
that consumption of first instar larvae (ca. 0.75 mm long) would be 
accidental, predation more probably being concentrated on the larger 
and older larvae. 

Other factors may have been involved in the mortality of the first 
and second instar larvae. The oviposition period at the start of all 
three cohorts was very short (maximum duration 6 days) and took place 
concurrently, thus suggesting that the larvae of each species were born 
concurrently and also during a short period. A few first instar larvae 
of each species were all found first on the same date (June 3). Exam- 
ination of the distribution of the larvae of each of the three species 
in eaca of the three sub-habitats up to the date by which 20% of the 
cohort time was completed (June 13 - Figs. 15, 17 and 20) shows that 


G. dreisbachi was found only in the live and dead plant shoots, G. nr. 


paripes only in the dead shoots and on the lake bottom, and G. lobiferus 


only in the dead shoots and on the lake bottom on June 3 and 7, but also 
in the live shoots on June 13. Although this spatial segregation is 
based only on four samples in each sub-habitat on three sampling dates, 
the overall pattern for the duration of the cohort is essentially the 
same, viz. G. dreisbachi was found most frequently in the live shoots 
and never on the lake bottom, whereas G. lobiferus and G. nr. paripes 
were found most frequently in the dead shoots and on the lake bottom. 
This spatial segregation could have resulted from competition 
and, in the process, caused a high mortality of the larvae. If compe- 


tition was the causal factor, then it appears that it occurred in the 


122 


a, et, NP itonnttt be pra Yon: sive 44 
agua Diineatohdwh ests rae | saidies ae 
92 ME e pe irOT Le ay ve 88): pions 

onsite tp hiss SOESHES lie vehaner i 
Te Aaa ae 


hich bis 5 chrome eid. to BAhaG aceonimaes i a". “ox 
Land hang Gaya wo bnerniby stp: dae a inte 
yon sine eats ee tn vivant ate: raat gat sngez ate 
cin teat ate A mie: ation cexiniehans 

(8 oie} -aeteke or ety on itp baian yh ta oe 
weiye omega Iie ‘yo. Whee Yo aot Ahad ‘Saearot sud sett 
ea ee shuren — 
sett aneate Pa unt oe’. itch ty tates a“ 
ont a mace, atti y, Obl hse EMT ‘ts ae x rt — sida 
sea est, EW, sions he I “wosana | 
eat % ham $ ‘tn indent. sito oka, enets hopin 
a nebastprnggin tatitay isd gas 60 stn Fico 6 
tals pert sori IO \Ler oes due Hong Ab ewlgmae too} hw Al 90 Aetebe 
ont’ «! Nanas ae vet seis sae TH mo get ora rad nc | 
ePiaterwed? ANG ae ere $ anya Lond? ep onde bare a shy! vam 
ee ees auasiviiol <2 awerteihd aumttiod det oda fae vv Bom n 
das nad WF ila! faz ° as cig baehby. gall” BP ‘eidpeuent J etal) peut’) ore, 
orale: eet Thoe Lean owed Digett RP RNR fpbanqe ataTye : 
-oginey OF. bivnat ‘utd % tt Lashom dp iris ‘paauies aco separ ny 


abl 
Ps 


- We be veuared?: Soi ha at sad veotund Insves ett Aaw nohett 


i238 


dead plant shoots, since this is essentially the only sub-habitat 
common to all three species during the first 20% of the duration of 
their cohorts (a few G. lobiferus were found in one live shoot on 
June 13). 

Competition between these three sympatric cogeneric species could 
have involved food and/or space. In the case of the former, Hutchinson 
(1959) found that in various parameters related to the feeding appara- 
tus, sympatric species at the same trophic level ranged in ratio of 
the larger to the smaller from 1.1 to 1.4. Hutchinson's estimate of 
a minimum requirement of a 10% difference has been substantiated 
(e.g. Price, 1972), but there appear to be at least some exceptions 
(cf. Schoener, 1974). Although no data were collected on the trophic 
level of any of the three species of Glyptotendipes in the present 
study, information in the literature on several species in this genus 
(Burtt, 1940; Leathers, 1922; Thienemann, 1954; Walshe, 1951) indicates 
that they obtain their food either by browsing, or by periodically 
filter feeding using a mucous net to trap the food particles, and 
subsequently eating the net. No selection of a particular type of 
food has been reported. 

In view of the above, the measurements made on the width of the 
mentum, length of the mandibles, and of the distance from the apex of 
the mentum to the posterior ventral edge of the head capsule in the 
mid line (Figs. 49-51 and Tables 2-4 in Appendix I) have been used to 
calculate trophic indicator ratios between each pair of species. The 
results are given in Table 23. Assuming a requirement of a minimum 


difference of about 10% to coexist syntopically, then there was the 
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potentiality for competition between al] three species when in the 
first instar, especially between G. lobiferus and G. nr. paripes, but - 
only between these two species when in the second instar (the sub- 
sequent instars will be discussed later). 

As there is a size difference between larvae in each instar, the 
most suitable method for estimating competition for space is to express 
the number of larvae on a volume basis. Since no data were collected 
on the size of the burrow each instar occupies and defends (all three 
species are miners), only the volume of the actual larvae could be 
determined. 

Although the only measurements which had been made on all larval 
instars were total length and head capsule length and width, results 
from a previous study based on 10 species in the same tribe indicated 
that the ratio of the width of the body to that of the head capsule of 
newly killed larvae averaged 1.5 : 1 (range of 1:1 to 2:1). Conse- 
quently, this ratio was applied to the species in the Typha stand, all 
larvae being considered as cylinders. The combined total volume was 
determined only for G. dreisbachi, G. lobiferus, G. nr. paripes and 
D. nervosus, as they always constituted at least 90% of all larvae found 
associated with the dead plant shoots, and were four of the five largest 
species. No differentiation was made between larvae of different 
cohorts. 

For reasons given previously (Methods - section D), the total 
volume of the chironomid larvae has been expressed in terms of the 


Standard Plant Volume. 
A plot of the data is given in Fig. 26. If competition for space 
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did occur during the first 20% of the duration of each of the cohorts, 
then during this period (the first three data points) one would tend 
to expect the total larval volume per S.P.Y. to show a decrease or, 
since the larvae were growing, for it to remain about the same. In 
view of the high variance in the data the poruetaec an coefficient be- 
tween larval volume per S.P.V. and time was calculated. A value of 
0.98 was obtained which is significant (P <0.05), indicating that an 
increase occurred in total larval volume per S.P.V., and thus sugges- 
ting that competition for space may not have occurred. 

Another indicator of the possible existence of competition be- 
tween the three species in the dead plant shoots due to space and/or 
food would be a change in the relative abundance of each, and a cor- 
‘responding increase or decrease in one or both of the other sub- 
habitats. No conclusions may be drawn concerning density changes be- 
cause of the high variance in the density estimation for the larvae 
in each sub-habitat (Appendix III - Tables 13, 14 and 16). 

Few conclusions may be drawn concerning the larval instar(s) 
of D. nervosus or of the second cohort of G. lobiferus or G. nr. paripes 
which had the highest mortality, as the larvae were in all four instars 
(Figs. 12 and 19) for much of the period up to completion of 20% of the 
cohort time (September 4, November 5 and October | respectively). This 
mixed age structure most likely was due to the relatively long egg 
deposition periods (18 days for D. nervosus and 28 days for both G. 
lobiferus and G. nr. paripes). 

In the case of D. nervosus, the mortality could have occurred in 


the second and third instar larvae, as most infections by the mermithids 
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were found in these two instars; however, the number which died as a 
result of the penetration process is unknown. Predation also may have 
been an important mortality factor during the first 20% of this species' 
cohort time, since the potential predators were very abundant, e.g. 
5-10 leeches and 50-200 amphipods were found associated with many of 
the dead plant shoots. 

There may have been competition for food and/or space which could 
have resulted in mortality. No data were gathered on the size of the 
trophic apparatus of this species or on its feeding habits. Even if 
they were similar to those of the other Cree the later date of 
arrival of this species in the study area, and the consequent popu- 
lation age structure differences, should have minimized competition 
for food and any associated mortality. 

Although the data in Fig. 26 indicate a trend to a decrease in the 
total larval volume per S.P.V. during the first 20% of this species' 
cohort time, the decrease need not have been due to competition, but 
instead to emergence, predation and parasite-induced mortality. No 
conclusions may be drawn elie Saal density changes because of the 
high variance in the estimates for the larvae in each sub-habitat 
(Appendix III - Table 12). 

Mortality during the first 20% of the cohort time (second cohort) 
of G. lobiferus and G. nr. paripes could have been due to competition 
between them for food, since the potentiality for such competition 
exists (Table 23). If mortality did result from such competition, 
then probably it was greatest in first instar larvae, since the trophic 


indicator ratios between these two species are closest to unity in 
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this age class. 

In the case of competition for space, the data on total larval 
volume per S.P.V. in the dead plant shoots (Fig. 26) indicate a trend 
to a build-up during the first 20% of each of these species' cohort 
time. Since, as mentioned previously, one would tend to expect little 
change or a trend to a decrease, competition for space may not have 
occurred. As with the preceding cohorts, no conclusions may be drawn 
concerning density changes in the sub-habitats because of the variance 
(Appendix III - Tables 15 and 17). 

Mortality due to predation could have been important for both 
species during early life because of the abundance of potential 
predators. 

The water temperature was very ‘igh (ca. 30°C - Fig. 8) when both 
these cohorts were started (Methods - section D). Consequently, there 
could have been a significant mortality due to it and the concommitant 
parameters. 

The data available on Taal survivorship in all six cohorts up 
to the point that 20% of the cohort time was completed suggest that 
much of the mortality may have been concentrated in the first or the 
first and second instar. This is suggested by the results obtained 
for G. dreisbachi and for the first cohort of G. lobiferus and G. nr. 
paripes. Additionally, although trophic indicator ratios could be 
calculated only between three of the four species, they show that 
there is the potentiality for competition between them for food and 
that it is highest between, or even restricted to, specimens in the 
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The generalized survivorship curve (Fig. 25) indicates that 
mortality during approximately the middle 60% of the cohort time was 
low. The major mortality factors acting on the summer cohorts during 
this period (G. dreisbachi and the first cohort of G. lobiferus and 
G. nr. paripes - from June 13 to August 5) may have been parasitism 
and predation, since potential predators were abundant and all three 
species were parasitized heavily by the mermithids (Fig. 23) (which 
are known invariably to cause the host's death when they leave). 
Competition for food, and any resultant mortality, appears to have 
been low as suggested by the trophic indicator ratios (Table 23). In 
the case of competition for space, the data on total larval volume 
per S.P.V. in the dead shoots indicate a trend to a decrease; however, 
the variance in the density estimates for larvae in each sub-habitat 
(Appendix III - Tables 13, 14 and 16) does not permit any conclusions 
concerning sub-habitat shifts by the species. 

In the case of mortality during the corresponding period in the 
cohorts which overwintered (D. nervosus - September 4 to May 8; second 
cohort of G. lobiferus - November 5 to June 25; second cohort of G. nr. 
paripes - October 1 to April 7) no one factor seems to have predomin- 
ated. Exposure to low water temperatures and being frozen in ice does 
not appear to have caused significant mortality, since examination 
of plant and core samples throughout the period ice was on the lake 
revealed very few dead larvae. Some of these could have died as a 
result of the shock waves produced when cutting through the ice to 
sample. 


Mortality in approximately the final 20% of the duration of all 
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cohorts probably was due in part to the involvement of two major 
metamorphoses (larva to pupa to adult), and in part to parasitism, 
either as a result of the mermithids leaving their hosts, or because 
the hosts had insufficient energy reserves for one or both metamor- 
phoses. The only data on efficiency of metamorphosis from the fourth 
instar larva through the pupa to the adult under field conditions 
appears to be that by Hunter (1965). He studied Chironomus (= Dicro- 
tendipes) californicus Johannsen and found that of 100 fourth instar 
larvae divided equally between four submerged cages, only 75% emerged. 
No indication was given of the variance. Concurrent experiments with 
specimens parasitized by Gurleya sp. (Microsporida) showed no emer- 
gence. 

Predation also may have been involved during the final 20% of the 
cohort time of the summer cohorts, since potential predators were abun- 
dant. 

The per cent of the specimens of each species which completed the 
aquatic phase of the life cycle varied from 0.05% for G. dreisbachi to 
8.21% for D. nervosus. If the former species is excluded because of 
the extremely high level of parasitism by the mermithids, the range 
is one magnitude less (Table 16). The range may be even less, as the 
value for D. nervosus may be an overestimation. The data for this 
species (Fig. 13D; Table 15) suggest the possibility of a second in- 
put of eggs to the population after completion of about 25% of the 
cohort time; however, there was considerable fluctuation in the total 
density and none of the increases was statistically significant. 


Although data in the literature would suggest that the generalized 
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survivorship curve obtained for the four species of chironomids 
(Type IV - classification according to Slobodkin, 1963) is charac- 
teristic of many if not most freshwater invertebrates, the only 
published data which includes density estimates for the eggs in ad- 
dition to that for the young, appears to be that for two species of 
leeches, viz. Glossiphonia complanata (L.) by Mann (1957) and 
Erpobdella octoculata by Elliott (1973). Both species had Type IV 
Survivorship curves. | 

Based on a study of survivorship curves of several natural in- 
sect populations, Ito (1959, 1961) concluded that the mortality of a 
species over its entire life span, and the relative proportion which 
occurs in the early developmental stages, decreases with increasing 
socia? evolution (= parental care). Since chironomid females do not 
appear to exhibit any selection in their oviposition site, but just 
expel their egg mass into the water, it follows that the survivorship 
curve should be Type’ IV. 

The population statistics for the chironomids (Table 16) fit in 
the appropriate location in graphs of the generalized fundamental 
principles in population dynamics. These include 1) increasing total 
fecundity accompanying decreasing total survivorship; 2) a hyperbolic 
inverse relationship between the intrinsic rate of natural increase 
nes) and mean generation time (T); and 3) the positive correlation 
between body size and mean generation time on a log-log plot (cf. Pianka, 
1974). 

Few conclusions may be drawn from comparisons of the chironomid 


population statistics (Table 16) and other data, as all other data are 
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on laboratory populations. In these other studies predation and 
parasitism were non-existent, and temperature and food supply were 
maintained constant. Temperature and food supply, both individually 
and in interaction, have been shown to influence the intrinsic rate 
of natural increase of several aquatic invertebrate species (e.g. 
Stiven, 1962; Hall, 1964; Schiff, 1964; Cooper, 1965; Sturrock, 1966; 
Schiff and Garnett, 1967; Sturrock and Sturrock, 1972). In the present 
study a difference of a magnitude of five was found between the 
intrinsic rate of natural increase for the summer and overwintering 
cohorts of G. lobiferus. Most of this difference probably was due to 
temperature, as ice was present on the lake for approximately 60% of 
the duration of the overwintering cohort. 

In considering the various mortality factors which may have 
influenced the survivorship of each of the six cohorts, it is evident 
that both density-dependent and density-independent factors were 
involved; however, the relative importance of each cannot be stated. 
Density-independent mortality factors are characteristic of unstable 
and/or unpredictable environments, whereas under more stable and/or 
predictable environmental regimes much mortality is more directed 
and favours individuals that are better able to cope with high 
densities and strong competition. The best strategy in the former 
case is to produce many offspring, but in the latter it is to produce 
offspring with more substantial competitive abilities. The latter 
usually requires larger offspring and, since they are energetically 
more expensive, fewer can be produced (Pianka, 1974). Additional 


strategical advantages of the former include a high reproductive rate, 
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and the ability to disperse in search of new habitats as the existing 
ones begin to grow unfavourable. MacArthur and Wilson (1967) have 
designated these two opposing selective forces "r-selection" and 
"K-selection". There can be no doubt that the four species of chiro- 
nomids studied can be characterized as r-strategists. The number of 
eggs per egg mass in the three species of Glyptotendipes is very 

high as compared to chironomids in general, and that for G. lobiferus 
is among the highest ever recorded. This high fecundity coupled with 
the ability to fly probably represents the major reasons for the 
distribution of this genus being world wide. 

The occurrence of the three species of Glyptotendipes in the same 
habitat is of particular interest. Although the degree to which they 
compete is unknown, there is evidence of ability to co-exist through 
niche specialization. There appears to be different spatial utilization 
of the sub-habitats. Additionally, there is morphological character 
displacement as shown by the trophic indicator ratios - there may be 
both food size and kind differences, ene the mentum of G. dreisbachi 
is markedly different from that of G. lobiferus and G. nr. paripes in 
the final three instars. | 

The role of competition in influencing the duration of the cohorts 
is uncertain. Various data tend to indicate that G. lobiferus is 
competitively superior to G. nr. paripes. This is suggested by some 
of the population statistics (Table 16), and by the change in the 
proportion of specimens of each species in the same instar ina . 
particular sub-habitat. In the case of the latter, an examination of 


the dead plant shoots showed that during the highly synchronized first 


et", an arbh es hi 


nikeda tanh ant Pree tai wee is 
ay hi tad noe Ine > ime ; 
oe! 7 ee  acetey vias tie! 
tiv rhe. My’ aa aia ails Fait: Sect mney mar 
; Wit BHT. ', cou apes, tes Padi 60 
Wray, al daghins tedlete) ty "ange peated aun 

: De a “sheannptito 43. bervae AG 

ne Thar ssaiyhakan secant 
141 ya? animes Sper ood Dans aeey ry ela UY ooh 
ahhh. DT Ning? wntsa. gg etn ‘to! nat sian . 

it, Zant bonects ier) td enbdege ‘aad it: tod sais aN 

0) seijois ace die uaieenvognt veleaksn fo re 

1, a. sit iy Je abasbtea ef ‘Seay ni ay 


Pi a U £ 


nghins | (tou. ntgalle iron od ad anssiys nat ores tel es m 
mavedty ) Frotpatapas ‘at, eons AS Tonos POBA. aetna % 

act Ye oot i 20fni HseDIbe oragoR ot wel riwotte * 
tdaadaponh a he carey “aie sunte “sponanstey vow” ni ata 

_ WP eet haiae | er av Inns on, sna 

: oi “dehetent’ oarwid tsar 
edrbaion aah Fe! vorservub and. etaairen as “nots tibiae Ye ator 
aes ne si| aot Fe das! aieston} a tnvad: bseb evel sie? 

~ tila Yu tha aaa al, ahi sant tes el Rae vokrequr via ttisqne9 | 
25) =? jie tae. Sagi aan Ae tas Aa stay) aofaetilg’ neatsatuqag’ si} to” 
| got deans ambe ikl vabsioge: eee ‘giv see 9 noktrodong. 
at pet Woot Finda sig Sore a ney De] cheatindue servant, 


ae bitte Assays nr ong Sie se choot. - beat off” 


ae 


' P< a — er, ti ane alts a hs oe 
: | hh in A ~ a ‘ats te 4 
pert) Fie a ‘ a he P 


“Ss : « 40 b af ije7 @¢e 


cohort, the number of G. lobiferus in the first, second and third 
instar divided by the number of G. nr. paripes in the corresponding 
instars followed a general positively skewed pattern; initially 
G. lobiferus was more abundant but, with time, G. nr. paripes became 
more abundant (Fig. 27). The repetition and synchrony of this pattern 
Suggests that G. lobiferus out-competed G. nr. paripes for the avail- 
able resources in each instar and hence metamorphosed into the sub- 
sequent instar sooner. The same pattern may have occurred in the 
fourth instar also, but was not demonstrated because of some of the 
specimens having emerged. A similar type of positively skewed pattern 
appears to occur also in the second cohorts of these species (Fig. 28), 
but is not as well defined. This may be due to the long egg deposition 
periods (28 days for both species), the consequent probable lack of 
synchrony between corresponding instars of the two species, and hence 
a minimizing of competition between them. 

Despite the above indications, the duration of the overwintering 
cohort of G. lobiferus was 394 days and that of G. nr. paripes was 
312 days. In view of the results of detailed experiments on Chironomus 
nuditarsis Strenzke and C. plumosus (Linnaeus) by Fischer (1974), it 
seems likely that dormancy” is involved. Fischer studied one popula- 
tion of the former and two of the latter species and found that a dor- 
mancy phase could occur in all three at the end of the fourth instar. 
Both long and short days caused some of the larvae in each of the three 


populations to cease development. The check in development induced by 


Dormancy is every stop or retardation of development which appears 


(facultative or obligatory) in the ontogeny of an insect (Thiele, 1971). 
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Short days in all cases could be reversed by long days. All dormant 
larvae moved and consumed food. 

Temperature also was involved. In the C. nuditarsis population 
Short days only accompanied by a low temperature could induce dor- 
mancy. 

In all three populations studied, the type of dormancy induced 
by short days was oligopause®. 

If dormancy did occur in the G. lobiferus population, then it 


would appear that at least some of the fourth instar larvae entered 


the dormancy phase in spring under the stimulus of longer days, and 


possibly also some did so the preceding fall, in response to the shorter 


days. Temperature may have acted in conjunction with photoperiod to 
produce the dormancy. 

Thus it would appear that in addition to being a superior compe- 
titor, G. lobiferus uses environmental cues to stagger its time of 
emergence, thereby minimizing the chance of all the adults (and hence 
the progeny) being killed due to a sudden change in the weather con- 
ditions. 

In conclusion, the results obtained in the present study may be 
regarded only as a small contribution to the development of a predic- 
tive model of the dynamics of natural populations of chironomids. Pre- 


vious work on this family suggests that the generalized survivorship 


601 igopause is a type of dormancy which is facultative and is similar 
to quiescence. It differs from it in that the halting of develop- 
ment does not immediately follow the deterioration of the environ- 
mental factors, but only with a retardation. The new start of the 
development after a change of environment to optimal conditions also 
is retarded (MUller, 1970). 
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curve is representative of many species. Thus it should be of value 
also in other studies, e.g. in calculating turnover rates for produc- 
tivity estimates (cf. Waters, 1969). 

Several assumptions have been made in the development of the life 
tables, principal among which is that each female which survives lays 
only one egg mass. Since all assumptions made have been detailed, 
subsequent results can be applied to refine the estimates. 

The results obtained suggest the competitive superiority of G. 
lobiferus in a pure Typha marsh. Since T. latifolia is world wide in 
distribution, it would be of interest to check the above conclusion 


in other geographical localities, and hence determine limiting factors. 
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APPENDIX I 


MORPHOLOGICAL DIFFERENTIATION OF GLYPTOTENDIPES DREISBACHI, 
GLYPTOTENDIPES LOBIFERUS AND GLYPTOTENDIPES NR. PARIPES. 


15] 


¢ Lin! Prat 


ae 


pe TTT 


INTRODUCTION 


Glyptotendipes dreisbachi, G. lobiferus and G. nr. paripes!, 
especially the latter two species, exhibit pronounced morphological 
Similarities in most developmental stages. As a basic requisite 
for the construction of a life table for each is the accurate 
differentiation of each in all developmental stages, a detailed 
examination was made of the three species to determine criteria 
suitable for their separation. 

G. lobiferus posed additional problems. Its developmental pat- 
tern in George Lake is such that for part of each year larvae, pupae 
and adults from two consecutive generations occur together. These 


have been examined to determine methods suitable for their separation. 
EGG 


The eggs of G. dreisbachi are lime green in color whereas those 
of the other two species are light golden brown. Similar to G. 
dneiebechi the eggs of G. nr. paripes do not exhibit any fixed 
pattern of distribution within the egg mass, whereas those of G. 
jobatern do. Its egg mass consists of a single strand of eggs 
which forms a series of U-shaped loops, the tops of each U doubling 
back on themselves. The long axis of all eggs are parallel and 
point into the center of the cylinder of jelly. 


Although the egg mass of each species is sausage-shaped, they 


“his may be a new species, intermediate between Glyptotendipes paripes 
Edwards and Glyptotendipes meridionalis Dendy and Sublette (Pers. Comm., 


Dr. D.M. Webb, Illinois Natural History Survey, University of I]linois, 
Urbana, Illinois). 
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differ in size, and in the number and size of the eggs (Table 1). 
LARVA 


Examination of the antennae, premandibles, mandibles, and 
mentum and associated ventromental plates of each of the four instars 
of each of the three species (Figs. 1-48) shows that G. dreisbachi can 
be separated from the other two species in instars II, III, and IV 
simply by visual examination of the patterning of the teeth on the 
enue In instar I however, measurements must be made. Comparison 
of the length of the mandibles, the width of the mentum, the distance 
from the apex of the mentum to the posterior edge of the head capsule 
(Figs. 49-51), the length of each of the antennal flagellomeres, and 
the length and breadth of the head capsule of the three species shows 
that the length of the second antennal flagellomere is the best 
single measurement for separating instar I larvae of G. dreisbachi 
from those of G. lobiferus and G. nr. paripes (Tables 2, 3, and 4); 
however, only slightly more than 95% of the specimens can be separated 
accurately. When this measurement is taken in conjunction with one or 
more of the other measurements, such as the length of the first and 
third antennal flagellomeres, then the accuracy of separation is 
increased. . 

G. lobiferus and G. nr. paripes can be separated from each other 
completely only in instars II, III and IV, and only by measurement of 
the distance from the apex of the mentum to the posterior ventral edge 


of the head capsule (Tables 3, 4 and 5).~ 
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Figs. 1-16. Glyptotendipes dreisbachi Townes. Premandible, 
antenna, mentum and ventromental plates, and 
mandible of first instar (Figs. 1, 5,:9 and 13), 
second instar (Figs: 256. rand 14). third 


instar (Figs. 3,7, 11 and-15)}cand fourth anster 
(Figs. 4, 8, 12 ahd le)y tarvas 
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mentum and ventromental plates, and mandible of first 
instar’ (Figs. 17, Zl. 25 and29), second instame Figs: 
Ie, (22, 2owands 0). third Instat (tes os a eee? 
and 31) and fourthiinstar (Pigsiac0cie4. ze andesc) 
larva. 


Glyptotendipes lobiferus (Say). Premandible, antenna, 
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Figs. 33-48. Glyptotendipes nr. paripes Edwards. Premandible, 
anterna, menlLum and ventromental plates, ana mandible 


of first instar (Fidas. 33,37, 41 and.45), second 
instar (Figs. 34, 38.42 and 46), third instar (Figs. 
35, 39,-43 and 47) and fourth instar (Figs. 36, 

40, 44 and 48) larva. 
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Figs 49-51. 


Three of the measurements made on each of the four 
larval instars to differentiate the three species 

of Glyptotendipes. Fig. 49 : length of mandible 

(a): Fiar50" width of mentum (b)s°Fige.S) sedi stance 
from apex of mentum to the posterior Ventral edge 

of the head capsule, in the mid line (c). 
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Only limited accuracy can be obtained in separating G. lobiferus 
and G. nr. paripes in instar I. Of the measurements made, the distance 
from the apex of the mentum to the posterior ventral edge of the head 
capsule, and the length of the head capsule are the most useful. As 
the frequency distributions of each species for each of these two 
measurements were found to be normal, those larvae which fall in that 
part of each distribution common to both species can be divided in a 
ratio based on the number of specimens of each species which can be 


separated accurately. 
PUPA 


Ail three species possess sclerotized structures in the shape of 
maces located on some of the tergites. In G. dreisbachi there are 


four maces, located on tergites III-VI, whereas in G. lobiferus and in 


G. nr. paripes there are five maces, located on tergites II-VI (Figs. 
55-68). 

The pupa of G. lobiferus differs from that of G. nr.paripes in 
that the dorsal surface of the maces on tergites V and VI of the former 


species is covered with many small spines, whereas that of G. nr. paripes 


always is devoid of such spines (Figs. 62, 63, 67 and 68). 
ADULT 


The usual method for differentiating chironomid male adults is 
according to the structure of the hypopygium. This method cannot be 
used for separating G. dreisbachi, &. lobiferus and G. nr paripes 
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Hypopygium of Glyptctendipes dreisbachi (Fig. 52) 

G. lobiferus (Fig. 53) and G. mr. paripes (Fig. 54). 
Maces on pupal tergites TII-VI of G. dreisbachi 
(Figs. 55-58), on. tergites II-VI of G. lobiferus 
(Figs. 59-63) and on tergites II-VI of G. nr. 


paripes (Figs. 64-68). 
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Comparison of the antennal ratio (A.R.), the number of setae on 
the clypeus, the length of the segments of the palpi (Table 6), the 
number of various types of setae on the thorax and certain wing meas- 
urements (Table 8) of the three species indicates that all male G. 
dreisbachi can be separated from those of G. lobiferus and G. nr. 
paripes according to the number of setae on the scutellum. Of these 
criteria, only the number of acrostichals can be used to separate all 
G. lobiferus from G. nr. paripes. 

Comparison of the lengths of various leg segments and associated 
ratios (Tables 9, 10 and 11) of the three species shows that all male 
G. dreisbachi can be separated from those of the other two species by 
the Jeg ratio (L.R.) and by the ratio Ta,/Ta3. Of these criteria, 
only the length of the second tarsal segment can be used to separate 
al] G. lobiferus from G. nr. paripes. 

Comparison of the various measurements of the female adults 


of the three species (Tables 6-11) indicates that all three species 


can be separated completely from each other by the length of the third 


antennal flagellomere (Table 7), and by the number of setae on the 


scutellum (Table 8). 


170 


wataal Ne i dieioar aie ss 
jared: ake Ma #15bne OF", ne 
ie Sma vith atria pita. 


“oll gt ee > 


ait 19 Sinton 3 ha Fa.noat ag 

vid Thao ahs pexehtnd (hed pexn eat age 
wld Ro igiet aikeae ‘wae in nent: senha here 
pee 1G vHdnue ay yt ne st aay ehincie 


tg 
ui 


y or 


Ae J, pane or 


nt) atdets aie 


= iy 
; i Ls 
A zi 
* ibe 
4 
} 
i] 
= 
| 
% A 
be - 
te 
3 
ae ' 
A ‘ i 
; 
oe] = 
= ’ 


17] 


062 - 852 Ol2 - €02 902 - €8L #9 - 29 te > ee = 
tL2 902 v6L €9 Seco é 3 Sadyaed “uu “ 
L8E - S22 9€2 - bl c9e>> -whl= Lh — 19 99 - 9P : 
00€ LOZ blz bl 8°95 g F snsastqor “9 
SS2 ~- 66L €6l - Sl CB8lo= Bel —895-tS GSE - SZ ot 
b22 ja | 6SL 09 0°0€ S d b4ydeqsteup °9 
ble - O22 Sleo--16h 9¢¢.~ £61 10+ S9 Boos e0e Ll°t - b2°e = 
SS2 L02 vl2 69 G*€e 8L°E 9 W Sediued ‘uu “9 
O6E - 6&2 €22 - O8L ble - ZBL 88 - 89 9S - le LO°S: = PETE ke 
92e 622 6€2 8 G°2v €6°€ Sl W SNu9stgOL °9 
092 - S22 COL ores O61 - 29t 249 - LO DEVente SC. 7-12 € on 
6&2 6d eZt v9 $22 cee v W fyseqstoup °9 
AI III IT I 
snadf19 uo oryzey pounseay 
(") syq6uay dyed aezyas JO “ON _ [Puuazuy Jaquiny Xas Satdads 
*uaAt6 sobueu pue sueay “SadipuazozdA19 30 satoads aauyz ayy jo ‘satew ayz yo O1zeu LeUUaqUe ayy 
pue “sajeway a43 JO pue sajew ayy jo syzbua, dyed ayy pue snadA,d ayy uo aezas yo uaquinu ayy yo UOSLUedUIO? °g aLqey 


“ 
i 
= 
=s 


@) = 4% Jhe-> SOS 


34@ 


$39 = soe 


a 


2) ~ 30s - 392 


ey 


#28 ~ 483 
PSs. 


vals 


pa 


Sag 
185 — 420) 
333 . 


\s 
Rj > G3 
a; | 


f 


a 
~ "eg ge ofa, ~ 348 


wy : , 
“i ee Ch a 4 


Pi 
bg 4 =I C 
i - 
ngs 
5 . 
x 
y; 
Cm 
{ } 
' 
be 
wi 
i 
5 j 


172 


€2Z - OLL OLL - 66 6LL - Ol elt --201 €6 - 88 OOL - 96 = 
L6L LOL 2tl Ol 06 86 2 sadiued ‘uu °9 

L8E - 8E2 19L - 6LL Z49L - Ell L9L - ell £EE-=~S6 CPL -- 201 , = 
$82 LEL vel LEl ttl eck S SNuastGo, °9 

622 - PSL 6lLL - 96 LOL - 28 L0ts= 18 BM h 96-12 ee eee a 
022 80L 96 v6 18 88 S Lydeqstaup °*9 
ITA IA A AI Acted el paunseay sapoads 

(") auawo,taber4y Jo yy5uar en 


‘uaAt6 sabuew pue sueay “Sadi puazozdA15 
40 Sapoads aaiyz ayy JO S[Npe alewas ay JO Sauawoljabe|y euuaque ay} Jo syzbua| ayy yo uostueduioy ‘7 alqey 


536-288 
” $a : 
id .- $83 


7 
a ” 
‘ 
es) -_ ; ~! 
3. pl & " ¥ : 
‘ S : a e Sa 
_ .2 | 
: i a 
; : i i= 
eae Pate 
wo aj May ee 
ined rs % i Sas 
=’. j - oe 
ty, eg oe Es, 
> eo! 
“Arar. 
1 —_ = ct 
a = ity a = 
_ = x) a. 
i= e) ee a Fi 
* » i § ‘4 5 
= 8 Ciuc 
il i 


a : ioe. \ 
eee ee | é ‘ 
* oan ie 
By, Pai 7 ff ] ; 
uF teen 4 


173 


CLE = 82°€ 


G2 - 6L OL*L - 80°L 6€ - GE L Li=a9 OP mace 2Se-" Ee 2 
8°l2 60°L os"€ O°LE O'L g°9 0°SE 0° be 2 Sedjued ‘uu “9 
69 - 12 ELT =-90" kk. 92.5 - OCP ti.- SP ¥ > 0 Ct -.6 9 86.- Z€ ~“Sf.4.0€ 
2° ly 60°L G9°b p°Ss 0°2 GFL 9°9b 8°2E S snuastqol “9 
vé - 6L ties 606d £6; ¢5- #8"? 62 “ul L OL-9 9E-6L 82-12 : 
b°L2 ra aa | 8b'€ 9°12 ol gL g°S2 8°E? S pydeqs}esp “DH 
G2 - SL SOA Farle core sreL & Pys=-0F L270 Bec fcaek | a 4 Sine Aca 4 | 
€°6L SOL Loe 2°9€ O°L 8°9 9°92 S’6l 9 Sediued ‘uu “5 
Ge - 6L LO = 00° OL ve--12°€ BS-> Fe ead | Phas LS 5gee SE. SZ 
2°92 €o°l BL°E 6°SP S*l 9°0L volt 0°62 Slt snaajiqo, “5 
Lear Ce. vO" - 0O'L,-€9°€ - 86% G2 ~- 02 coset Lie~-9 -20Gs- 02> 92.4 be a 
6°92 20°L cons 8.22 rare | B°L €°S2 L°b2 1] bydeqstaup °9 
ewenbs uo eo Sue{e Ssleunatd s[euquad s[Peyoi3zs 
SuLey JO “ON yA ae yet LOIN See _pudns -020N -0S40Q -O40Y  —- paunseray 
Bum Xeuoy, UO ae 1aS Aaquinn sa}oads 


“ww ut yybue, Bum 
3Yy} pue Sajew 942 4O SUdaWauNsRaW BuLM ULeqJuad puke XeuOYy yz UO seJaS JO SadAz SNOLUeA JO uaquinu ayy jo UOS,ueduO) 


“sad{puaz0zdA|5 JO sapoads aauyy ay yo Sal ewes 


"8 91geL 


Se Bw 
augy” Ome 
a > 


3° ~ 3s Yeo - 4°40 
2°30 


Pee 
<i 


72S - 335. Oh - 4b 
ce he 


174 


ee A 


6L°L-B0°L §SE*O-ZE°0 }~=—-L9°0-96°0 ss bZ*0-BL°O = BEO-2°0 90-20 OL"0-05°0 = BZ L-8B°0 OL 2-bhL «ZL L-02°L F | 


Zt't ££'0 85°0 02'0 620 LS*0 1S°0 00'L elt ort 
ey 
SL'L-LL°L 9€°0-S2°0 -19°0-95°0 02°0-8L'0 -—-ZE*0-b2°0 «HS 0-9E°0-—«:09°0-Zb'0 «20° L-28°0 2 L-9b"L «OOS *L-zE"L SOW 
pl €£°0 65‘0 02°0 0€°0 960 £50 960 29° | eb 
S'I-SL°L 0€°0-92°0 Lb‘O-bh'0 = 2Z°O-bL'0 — 8Z0-BL°0—«OP'0-2Z°0«SP'O-bE'O = BL'0-HG°0 OL L-bL'L «= 29°L-OL'L So 
€2'L 12'0 Qb°0 LL°0 22'0 0£°0 ge'0 z9°0 let 92° L 
| oq 
OZ"I-ZL°L LE‘O-0€"0 - GP*O-9P°0-—- BL“O-9L°O-—HZ"0-22"D-—«9ETO-0E°0--Zb*0-9E°0-«99°0-S°D OW L-SI"L «-9ETL-H2-L SOW 
gil 060 Lv'0 1U°0 »2°0 be'0. ~—sOb*0 29°0 le'L 62°l 
pO'L-00°L S°O-Zb'0 Eb L-ZL"L. © 82°0-02'0 -0S'0-8E°0 89°0-8h°0 -89°0-0S°0 OL L-OE"L ph’ L-26°0 «OL L-p6°0so 
20°t 6b°0 gel €2°0 £b'0 »S0 950 9b L ell oll 
ly 
16°0-16°0 €$°0-0S°0 82°l-zz°L 92°0-81°0 8$°0-~$°0 02°0-29°0 9°0-8S°0 PS*L-Ob'L -2Z°L-9L°L 22° L-bh'k SOW 
£6'0 20 t«é' LL $2'0 950 99°0 29°0 lb'l 6L'L alt 
fe /Pey wi/?ey “YT Sey Vey fe) Cel Me ay a4 XS 


“uu UL SURaW puke sabuey “LYydeqStaup °9 alewas ALJs pue ale unos 40s shal Jo suojzuodoud pue syzbue] °*6 aLqey 


et er . 


ee Pe, Oh 


Se 
" oa &. 
ole = 7 = * 


ai wit ute | x aH as he 


Sif TR oe | eee a 
CTA Ab.O-06.0 €8.0-98.0 BF, 0-800 $5.8-55.0) 


Shy 


fe S35 Pe ees Offs) Bes 


NET. 
be. F-8t. De.0-35.0 TPO, S8.0-AT.O- BEO-AFO ta Geo 9 OF. 1-881 
SF ae 28.0 cid = =< G0 Ae bee ot abr = =, Aa 
GI .F=07.f -06.0-88.0. FO-OEO OS.0-B7.0 SENSO a2. USP. RODS See Sete ae 


5 


Ff ED. BES os. ~~ Bia = tie {2.9 Die: es het 
Ct.fB0.) .gf0-86:0 forO-32.0 9,051.0 BE.0-PTO F80-SeL0 «GN. «(BSlieteia SCS St. fas 


175 


ee 


ZE“L-ZL°L = 99°0-S°0 §=0E0-02°0- 9P0-0E°0 = 08*0-bh'0 = vO" L-8S5°0 = 2Z*L-06°0 )§=—:09"2-99"L = 202-05" L F| 


92° | z9°0 12°0 16°0 19°0 08°0 bel gL °2 bl 
f 
tb l-LZ°L: 69°0-£9°0 $2°0-02°0 bhO-b€°0 © 9Z'0-bS°0 6 0-02°0-s HHT L-OL"L. = b2'z-z9°L = QL" L-9E"L W 
gz'L 59°0 22'0 ge'0 29°0 08°0 92°| 06'L is‘l 
Op l-22°L 89°0-SP'0 -82°0-02°0--«Ob'0-¥2°0 -—«OL"0-9E°0 «06 O-Ph'0--2bTL-BL°0--9L"Z-2Z"L-  v6"L-2S°L J 
0" 25°0 €2°0 2¢°0 8b°0 29°0 00°L 06't s9°l 
| 2, 
LpL-90°L LG°O-1$°O 22°0-8L°0 p€'0-92°0 89°0-8E°0 —-22°0-0S°0 06°0-2Z°0 «OZ L-9Z"L_ 9° L-O02"L W 
gz't €5°0 i2°0 0£°0 by'0 95°0 €8°0 Ss‘ L Lb‘ 
by L-00°L OG°L-OE°L Ob°0-0€°0 06°0-09°0 | p0'L-b9°0 O€'1-b9°0 O0°E-z8°L 00°2-0E°L 2Z"1-0€"L J 
€2° | StL ee'0 890 61°0 86'0 Ghz SI Sb‘ 
ly 
Gp’l-pl'L 8$°L-Z€°L 9€°0-92°0 Z°0-9S°0 98°0-02°0 SL'l-v6'0 02°2-89°L O9TL-9L°L OS *L-2L“L W 
ge'L ly't z£°0 59°0 8/0 €0°L G0°2 ‘tpl “e°L 
eee a 
Sey /tey ta Sey Vey fey Cel ley tl a4 XS 


“wu UZ, SURaW puke sabuey *sn4ajtqol “9 aleway BALJ pue ajew uaezs1y yo sBa, yo suotquodoud pue syzbua7 ‘OL alge 


ths Ha #. ha 


Sy i inet tor foe. ; 


eo 
SX .0-08:2 


S65 
g20 4-38,9 


OF elk 
SP Qt 0 


ROSH Ae 


4 
e818. 


176 


a 


p2l-€2°L 09°0-65°0 02°0 c£°0-0€°0 29°0-0S°0 $9°0-29°0 90°L-96°0 SZ i-29°L St L-92°L F | 


p2'1 09°0 - 02°0 Le°0 1S°0 £9°0 LO'L Waal ze" | 
ey 
6E‘Ir12°L €9°0-9S°O 22°0-02°0 Ob'0-2€°0 29°0-8b°0 98°0-09°0 02"1-88°0 06 L-9S*L_ bh" L-82"L W 
82‘ 29°0 L2°0 9£°0 95°0 LL°0 90° I 2L"t Se‘ L 
LE“L-b2°L LS*O-6°0 —SL“O-9L°0 -92°0-22°0- ve*O-ze°0 = 2h'0 OL°0-p9'0 BET L-OEL = BZ L-O2Z'L 4 
g2'L 0s‘0 LL°0 »2'0 6€°0 2b°0 19°0 ye" b2'l 
fq 
ZE"L-L2°L 29°O-8b°O -22°0-8L°0 «OF "0-92°0 —-BE'O-ZE"O-—«0S0-0P°0 ~~ hL0-99°0 PS" L-9Z°L OP L-02"L W 
G2" L 0s‘0 02°0 12°0 9¢°0 9b°0 0/0 orl le" 
GL'L-LL'L «OS L-SETL = 8:20 09°0-2$°0 O2°0-9°0 82°0-92°0 OL'L-O9°L 9Z*L-bO'L = BL“ L-80°L J 
St'l ral 82'0 95°0 19°0 LL"0 s9°L Slt etl 
ly 
LUL-OO°L Ob" L-LE’L » P€°0-82°0 00-00 28°0-09°0 H8"0-0Z'0 OL" L-bh'L = SETL-POTL = ZE“L-ZI'L W 
80° L rol 0€°0 29°0 €/°0 8/0 t9° 7 (teas 22 | 
Sey /eey tyr Se) Ye) fe) ep) ley tt a4 xas 


“uu UL SUBaW pue sabuey “Sadjded ‘uu “5 aleway OM} pue ajew aAty uoy SSal yo suolquodoud pue syqbue7y “LL eLqeL 


< 
4 te 
e 
? ein 
‘= ic ¢ 
' 4 
¢ tI - 
Pp as 
i * 
= ond 
a4’ —_ q 
Z ce y 
he Gy 
a) '% 
- ya> 
we 
) 
‘ € 
zd 
af 
a 
wt 


e * Aa? 
j ’ Z 
~ G 
| ; 
* 
’ 
oe) 
+ 
. 4 wa 
j a iw 
ih « ue 
wy < += 
} = 
Se 
i 


i ' 


os 
Pera 


ae 


oy + 


£ 
os 


— ag ‘Eee 
hae 
hoe) Bee 
ied st , ’ 
bs 


' 


+35 
om i 


¢ 


an 
A = z i 
2 Je 9 4 
a) 


a 


rt 


car 
$ 


i 


Wie 


+ 


Oeil 


° 
. = 
i . 


i" 


Lt) 


isha 


Weihe a i 
ane. eae 
oa aR, sy 
a 7 Pe : 8 


‘ 
7 


ae 
uf 


oul) 


ZT) 


Pail) 


KEY TO THE SEVEN DEVELOPMENTAL STAGES 


»-OF G. DREISBACHI, G. LOBIFERUS AND G. NR. PARIPES 


EGG 

EGU Sm IMME CON a av Grace eel ce eaten «sc ctebmmey eae as) 6 g:'a uc yoy oes 0s dreisbachi 
POG Sar RO temCON eT DKON nics tar teestelsre cle ois te. s aa'a's see 46) eas ea Z 
Egasrscatitered; aterandomianejel ly. .68e eee Fak kes nr. paripes 
EGUCmiine eo NOUGES UV OnN Gu crrehenrh a cidetreiciy ssc 6 os setels os lobiferus 

LARVA 

Instar I 
Mean length + 2SD of second antennal flagellomere 
UMSERSME ET wetete che chstemit ie tee eieiede wictateieiele ie Wieie\cing ss s/s ese aes dreisbachi 
Mean length + 2SD of second antennal flagellomere 
TORETS UE scp sees he sass me eee ss ook lobiferus®, nh paripes¢ 

instar Lt 

ADiCa angle Of MenUUM =< GO MIF Igs 10)" tues seve cee dreisbachi 
Apical angle of mentums> W0@ee(Figs. 26 and 42) ........ 455. Z 


Mean distance + 2SD from apex of mentum to posterior 


ventral edge of head capsule in mid line (Fig. 51) 


134 + 


12 | enn nnn nr. paripes 


Mean distance + 2SD from apex of mentum to posterior 


ventral edge of head capsule in mid line (Fig. a1) 


UNGAbAr OF MSC EG eU i iaa se dee sein se ae pe ams pale ea iin 9s 2's lobiferus 
Instar III 

Avacal angketof mentumta 909 (Fig? 11)u.....6.s66...-. dreisbachi 

Apical angle of mentum = 100° (Figs. 27 and 43) .......-..se00- 2 


Mean distance + 2SD from apex of mentum to posterior 
ventral edge of head capsule in mid line 228 + 25 y . nr. paripes 
Mean distance + 2SD from apex of mentum to posterior 
ventral edge of head capsule in mid line 310 + 24y ... lobiferus 


eThese two species cannot be separated completely in instar I (see text). 


Lee 


26 


+) a vn ee eT ey Fey. Oe peat ‘Dia aes ea i bes 


ay “ ’ had ; ue Nees . a a r 7 a 
‘ 1 » &, : tn! < i ‘sal t ¥ 

oe ee Yee ‘sy an 
4 ; io 
siaend Paget? Sema, ‘icons tung ofa nda 
ie) j ; Ss v~ 4a Be ye Kubin tt ie yt aOR” 
sper Fan unrne Dipl se Ye Oe srtgne fs hom 

ai hie eer ees) abn aay ede ta ARS BG 


i tee \ 


oil yy 1) ree ai te Bet 


it an ins wht eek fsdtqn’ 
Sea? r#i yg te aFann faatqn « E 
= ee es fas eit vist cig Rit on & sumpryt neal ays 
+ gh), aeeiey laia tt Bains, eae te aybs fermtray 9) 


p k- Us ey i '4e5 in em. cio mes: : paneteth ing ~ : 
EM, pk atin ay ef tees ‘eaath 0 Sythe tevtnam: 


A if oa a ry = % i we ae ca i © £0, A Pome 4) m Of ba hat: 


rei aot i. 
aoe 4D Sy ie eye rin +5 stipes laatqh” ‘a cum a 
( ED hii ' ¢ peor T) ype A mus tian © Byrne faargy \ f | a ey! s 


yt rotiega G9 NTO DG, tals ron? an + ‘gon beth nea (r) $ mn | 
mu ee O83 afl btane waleegey wort a toe Tavlos ) 

Tetecsoon af Mua eMth Kae HEGET) 4. asa eam | 

a 77 = 4))5 47m Shee S( dees fine (he 4s alin nav) ». 

A ea Rb? ote ML oat ame oud oh 


2nG}) 


2x1) 


Instar IV 
Apical@angle-or mentumas90 Tah ig. PINS... ne oo eee dreisbachi 
Apical angleator mentum 2 100° “(Fias. «28 and 44). ices g cies Zi 


Mean distance + 2SD from apex of mentum to posterior 
ventral edge of head capsule in mid line 365 + 20 y . nr. paripes 
Mean distance + 2SD from apex of mentum to posterior 


ventral edge of head capsule in mid line 479 + 72 y ... lobiferus 
_ PUPA 

Mace-shaped sclerotized structure on each of 

ORG EECS GIL oMel- | Pitsiatpethcue: Wee ioued tale hel chckefysTofo, « ¢15,Wiieta dias dreisbachi 

Mace-shaped sclerotized structure on each of 

COR ONCE S lal aVil coca wes a ersten ele BRVePe Cee te ASURHolsi al os ¢- sis 6 a sides olale eee 6's Z 


Dorsal surface of maces on tergites V and VI 
CEVOTUMOTPSDINGS UPTOSe Crealitos) 8. as lees ce es clare’ nr. paripes 
Dorsal surface of maces on tergites Y and VI 


withomanhye small spines: (Pigs .5.02 sande 63) ween. 5. cease oes lobiferus 
ADULT 
Male 
Number.o fiasetae on soume lumez0=2 59min. cu see es coe ws oe dreisbachi 
Number ‘of, setae on scutel lum 30cB8" ..... 000 eckescavscoe esas 2 
Number Of acrostichausul come te tween eo ae Nepales 
NUDE TOP aC HOS CICION Gate eo Ute wre teeeeic oie aitete es dae et aetemat el site lobiferus 
Female 
Numbersof ‘setae on SCUTET TUM 19-29" so% .'2 oe. cs atalatere se 8s dreisbachi 
Number: of! Setaeson, ScuteWlum B5-S99 R58 si Restos sete nr. paripes 


NumbernOf Seta Gr OnaSCUCe) LUM yao he mci nus os siete) acs pusiele ipo cea lobiferus 
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SEPARATION OF LARVAE, PUPAE AND ADULTS OF GLYPTOTENDIPES LOBIFERUS 
FROM OVERLAPPING COHORTS 


In George Lake G. lobiferus has two cchorts per year; one 
commences about the third week in May and is completed by the end of 
the summer. The cohort resulting from these adults commences about 
the first half of August, overwinters, and starts to emerge 2-3 
weeks after the ice has melted; however, as emergence continues 
throughout the summer, there is a mixing of larvae, pupae and adults 
from the consecutive cohorts. 

Larvae from these overlapping cohorts can be separated from 
each other for much of June on the basis of their instar, since there 
is a one instar gap between the minimum age of the overwintering 
larvae and the maximum age of the new cohort larvae. Thereafter, 
because of the rate of development of the new cohort larvae, this 
gap is eliminated; however, the overlapping is restricted almost 
exclusively to the fourth instar. 

Examination of the larvae in the overlapping instars shows that 
they exhibit dimorphism in colour and size. Some larvae are very 
dark red, while others are light red in colour. Additionally, 
practically all of the former are much larger than the latter. In 
view of these differences, and the fact that the former decrease and 
the latter increase in density, the colour and size differences 
appear to be correlated with cohort differences. 

Because of the dimorphism in the larvae, pupae collected through- 


out the study were examined for similar differences. As all of the 
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pupae were preserved in 70% ethanol, measurements were made only on 
structures which should not be affected significantly by the preser- 
vative. Consequently, measurements were made on the length and breadth 
of the maces. A bimodality was obtained in the frequency distribution 
for each measurement, but was correlated with sexual differences. No 
bimodality was evident in the frequency distribution for each measure- 
ment of each sex. Because of this, and especially because of the small 
number of pupae collected throughout the study, it was decided to dis- 
continue attempts to separate pupae from the overlapping cohorts. 

An examination also was made of the adults for intra-sexual 
dimorphic characters. As all of the adults were killed and preserved 
in the field using 70% ethanol, measurements again were made on struc- 
tures which should not be affected significantly by this technique. 
Consequently, measurements were made on the length of the tibia and 
of the first three tarsal segments of the front leg. 

Comparison of the frequency distributions of the above measure- 
ments indicated bimodal distributions for the adults; however, in each 
measurement there was considerable overlapping in the distributions. 

To accentuate the difference and hence separate the frequency distri- 
butions, all of the leg measurements were multiplied together for each 
specimen. Frequency distributions of the resulting values are shown in 
Fig. 69. As can be seen, there is a clear bimodality in the values 

for the males from 7973 and in those from 1974 (Figs. 69A and C). 

Since none of the specimens constituting the frequency distributions 

on the left hand side of the arrows was found until the end of June 


in 1973 (Fig. 69A) and until the beginning of July in 1974 (Fig. 69C), 
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Fig. 69. 


Frequency distributions of the product of the length of the 
tibia, and first, second and third tarsal segments of the 
fore leg (p,) of the males (A and C) and females (B and D) 
collected in 1973 and 1974 respectively. The vertical 
arrows represent the points separating tne adults of the 
summer cohort (left hand side of arrows) from those of the 
overwintering cohort (right hand side of arrows). 
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and since most of the former specimens were collected from late July 
to mid-August, and most of the latter in August, these frequency dis- 
tributions in all probability are composed of adults from the genera- 
tion which started in May. Additional support for this is the fact 
that the adults constituting the frequency distributions on the right 
hand side of the arrows were collected first when emergence started 
in both years. Furthermore, most of these specimens were collected 
before the end of July in both years. 

Although too few females adults were collected in both years to 
demonstrate any clear pattern, the difference in the dates of collection 
of those on either side of the arrows in Figs. 69C (1973) and 69D 
(1974) are essentially identical in both years to those recorded for 
the corresponding male adults. 

The difference in the location of the point of division between 
the frequency distributions in both years can probably be attributed 
to differences in temperature and/or food availability to which the 
larvae were exposed. 

The positive skew in the frequency distributions on the right 
hand side of the arrows for the males in both years could be a result 
of dormancy; the greater the delay in the date of emergence, the 
larger the adult, and consequently the larger the leg value. The 
skew also could be a result of the small sample size. 

Similar to the larvae, variation in colour was noted in the adults. 
In general, the lighter coloured adults had shorter leg values than 
did the dark adults. No attempt was made to quantify these differences 
as the specimens had been preserved in ethanol for varying periods of 


time, some differing as much as one year. 
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INTRODUCTION 


A life table is a concise summary of certain vital statistics 
of a population, and is a basic essential to the understanding of 
the population dynamics of a species. As has been pointed out by 
Southwood (1968), although some animal ecologists, such as Richards 
(1940), had expressed their results showing the successive reduc- 
tions in the population of an insect throughout a single generation, 
Deevey (1947) was really the first to focus attention on the value 
of life tables. 

There are two types of life tables, viz. the age-specific 
(or horizontal), and the time-specific (or vertical) life table. 
The former is based on the fate of a real cohort; conveniently 
the members of a Sidecier belonging to a single generation. The 
population may be stationary or fluctuating. The latter is based 
on the fate of an imaginary cohort found by determining the age 
structure, at a point in time, of a sample of individuals from what 
is assumed to be a stationary population with considerable over- 
lapping of generations, i.e. a multi-stage population (Southwood, 
1968). 

For construction of a life table density estimates for the 
population are necessary for all developmental stages; ideally there 
should be several estimates for each developmental stage. Addition- 
ally, data are necessary on the fecundity and fertility of the repro- 
ductive stage. 


In the present study age-specific life tables have been 
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constructed. The symbols used are the standard ones employed in 

ite waples.. These are: 

x the pivotal age of the age class in units of time, i.e. the 
mid-point between consecutive sampling dates. 

] the number of female adults surviving to reproduce during a 
given age interval, as a fraction of the initial number of 
females in the cohort. The average longevity of females has 
been taken as 5.5 days, and mortality was assumed to be linear 
with time. Additionally, egg laying has been assumed to occur 
one day after emergence. Thus the number of female adults 
surviving to reproduce during a given age interval has been 
taken as 81.8% of the number which emerged in that age interval 
(see Discussion). 

m the age specific fertility, i.e. the number of living females 
born per female in each age interval. The chironomid female 
adults studied have been assumed to lay only one egg mass before 
dying; consequently Mm, for each species has been taken as half 
the number of eggs in an egg mass (see Discussion). 

V the multiple of (es and my columns which gives the total number 
of female births (female eggs laid) in each age interval (the 


pivotal age being x). 


The method of presentation of the life tables used in the present 
study differs from that normally encountered. Instead of just listing 
the pivotal age (x), a column has been included listing the actual 


sampling dates and the calendar age. It is believed that this 
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procedure makes it much easier to relate the data to seasonal pheno- 

mena and hence facilitate comparisons between the summer and winter 

cohorts. Estimates for the larval and adult densities are listed 
separately and their summation is listed under total population den- 
sity. Pupae of only G. lobiferus of its first generation were found; 
consequently, a column for pupal density has been added in its life 
table (Table 18). Additionally, a column has been added for per cent 
cohort duration completed and one for per cent of the population sur- 
viving. These also have been added to facilitate comparisons between 
the various species, as there was up to a four-fold difference between 
them in their initial densities. 

The column listing the number of females surviving to reproduce 
contains values which are 81.8% of the actual number of females which 
emerged during the specific age intervals (see definition of 1): 

No column is given for my as it has been assumed constant for 
each species (see definition of m,)- 

Symbols applied to population statistics which are used in the 
present study include: 

Ro the net reproductive rate, i.e. the number of times a population 
will multiply per generation. This is derived by the summation 
of the Ue column. 

T the mean generation time. Although oviposition by females is 
extended over a period of time, it may be considered as concen- 
trated for each generation at one point of time, successive gen- 
erations being spaced T units apart (Dublin and Lotka, 1925). 


This point of time has been taken as the day by which 50% of the 
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eggs have been laid. For approximate purposes T may be defined as: 
T= 2x Vy is 2, (Birch, 1948). If this were an accurate esti- 
mate of T one could substitute it in the equation tent log, Ro Ha T 
to calculate the intrinsic rate of natural increase. Since it is 
an approximation, the resulting value for the intrinsic rate of 
natural increase is an approximation. Laughlin (1965) proposed 
that this approximate vaiue be classified as ie and that the ap- 
proximate value for the mean generation time be classified as rs 
The value obtained for iis is used to determine r (Southwood, 

1968, p. 290), and the resulting value is used to determine T by 
substituting it in the equation T = Tog, Ro / eh 

ie the intrinsic rate of natural increase, i.e. the instantaneous 
growth coefficient expressed when the population is growing in an 
unlimited environment and the age structure has become stable. 
Under these conditions one solves for C in the equation 

oo 
pear: 1m, dx.= 1. oe 

This equation can be approximated to De 0 Tm, = ] (Southwood, 
1968, p. 290). 

yr the finite rate of natural increase, i.e. the number of times 
a population increases per unit of time. It is obtained by taking 


the natural antilog of nes 


Additional information on the equations for calculating the 


various population statistics may be found in Southwood (1968). 
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DENSITY ESTIMATES AND 95% CONFIDENCE LIMITS 
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INTRODUCTION 


This appendix contains six tables, each of which lists the density 
estimates and the accompanying 95% confidence limits for the larvae of 
the six cohorts of the four species in each of the three sub-habitats 
(live and dead plant shoots, and lake bottom), and in all sub-habitats 
combined. For each sampling date the mean number per square meter is 
listed first, followed by the 95% confidence limits in parentheses. 

All values listed for the mean number per square meter are arith- 
metic means, calculated on untransformed data. The values given for 
the 95% confidence limits have been derived from transformed data. 

To determine the 95% confidence limits for each set of n samples 
(in the present study n=4), the arithmetic mean (x) and the variance 
(s”) were first calculated. Subsequently a Chi-Squared test was per- 
formed using the equation x2 = 58 (n-1) / x to check for agreement 
with a Poisson series. The check for agreement was made at P< 0.05 
(Elliot, 1971, p. 42). On estimating the type of distribution pattern 
exhibited by the data, the appropriate transformation was chosen to 
normalize the data (Elliot, 1971, p. 33). The 95% confidence limits 
then were calculated on these normalized data. After these calcu- 
lations had been made they were transformed back to the original scale. 
[tats these final data which are listed as the 95% confidence limits. 

To calculate the confidence limits for the total larval density 
on each sampling date the estimates for the number per square meter in 
each sub-habitat were summed for each of the four quadrats sampled. 


This gave four estimates of total larval density on each sampling date 
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from which the mean and the 95% confidence limits could be cal- 


culated as outlined above. 
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TABLE 12. 


Date 
June 21 
26 

July 1 
6 

Va 


Aug. 5 


Z5 


Sept. 4 


Live Shoots 


Density estimates and accompanying 95% confidence limits 
(in parentheses ) for larvae of the 1973-74 cohort of 
D. nervosus in each of the three sub-habitats, and in all 


sub-habitats combined. 


May 8, 1974. 


No samples were collected after 


Number Per Square Meter 
Lake Bottom 


ee 


37(0=12) 19 
350-11) 46 
22 (0-60) 370 
30%(02126)) * 482 
10 (0-32) 372 
0 556 
59 (0-269) 547 
24 (0-81) 338 
7 (0-29) 281 
44 (0-131) 342 
1814223) 9), 3352 
20 (0-70) 335 
29 (0-86) 402 
8 (0-24) 404 
0 450 
11 (0-35) 439 
2Ra(@=13) | 424 
14 (0-48) 517 
16 (0-53) 252 
5 (0-23) 419 
52 (0-206) 670 
9 (0-38) 319 
a (0-11) 174 
0 165 
15 (0-59) 165 


Dead Shoots 


(0-82) 
(0-192) 
(156-717) 
(247-842) 
(88-1051) 
(153-1461) 
(229-1078) 
(192-510) 
(135-509) 
(153-638) 
(41-1355) 
(128-696) 
(285-531) 
(310-506) 
(47-1891) 
(270-634) 
(328-492) 
(55-1901) 
(148-376) 
(150-924) 
(214-1599) 
(128-639) 
(26-540) 
(49-400) 
(15-642) 


0 
0 
0 
157 
0 
157 
314 
Loy 
157 


(0-992) 


(0-665) 
(0-665) 


(0-665) 


Total 


(0-198) 

(0-481 ) 

(170-756) 
(226-1535) 
(106-1003) 
(519-953) 
392-1803) 
173-1169) 
129-1104) 
1 


( 

( 

( 

( 
(55-1335) 
(127-774) 
(277-1614) 
(312-530) 
(307-1073) 
(228-1282) 
(382-528) 
(81-1702) 
(180-383) 
(319-969) 
(210-1833) 
(139-643) 
(31-545) 
50-412) 


( 
(16-817) 
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TABLE 13. Density estimates and accompanying 95% confidence limits 
(in parentheses) for larvae of the 1973 cohort of 
G. dreisbachi in each of the three sub- habitats, and in 
all sub-habitats combined. 


6 a 


ate _ Number Per Square Meter 
Live Shoots Dead Shoots Lake Bottom Total 
oo EE le oe a ee ae eee eee 
UUNe 3 34 (0-147) 4 (0-15) 0 37 (0-427) 
7 191 (12-834) 5 (0-22) 0 196 (13-1122) 
13 F °250) (35-883) 41 (4-94) 0 292 (102-660) 
17) 678 (6222035) 33 (5-72) 0 704 (89-1992) 
21 169 (0-3480) 85 (4-276) 0 254 (99-1469) 
26 326 (0-2796) 37 (0-156) 0 363 (5-4439) 
July 1 104 (0-4862) 11 (0-47) 0 115 (0-11,935) 
6 210 (74-445) 20 (0-55) 0 230 (91-467) 
11 +185 (92-298) 7 (0-25) 0 193 (107-318) 
16 389 (12-2290) 10 (0-33) 0 399 (15-3086) 
21. 145 (0-2337) 8 (0-26) 0 153 (13-2010) 
26 221 (48-581) 2 (0-8) 0 223 (53-600) 
31. 129 (91-170) 6 (0-20) 0 135 (90-194) 
Aug. 5 36 (0-92) 0 0 36 (0-92) 
10 36 (18-56) 0 0 36 (18-56) 
iS) 7 (0-31) 0 0 7 (0-31) 
20 19 (0-66) 0 0 19 (0-66) 
ZS 0 0 0 0 
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TABLE 14. Density estimates and accompanying 95% confidence limits 
(in parentheses ) for larvae of the 1973 cohort of G. lobiferus 
in each of the three sub-habitats, and in all sub- habitats 
combined. After August 20 the larvae of this cohort could 
not be differentiated accurately from those of the subse- 
quent cohort. 


Number Per Square Meter 
Date 


Live Shoots Dead Shoots Lake Bottom Total 
June 3 0 33 (0-158) 2200 (0-6356) 2234 (27-29,756) 
7 0 134 (19-434) 472 (0-1113) 605 (22-5128) 
13. 16 (0-54) 446 (108-1143) 157 (0-665) 620 (182-1535) 
7 “16 (0-71) 447 (196-874) 0 463 (192-944) 
21 4 (0-17) 449 (305-611) 157 (0-665) 610 (245-1233) 
26 0 260 (0-2222) 157 (0-665) 417 (139-960) 
July 1 4 (0-18) 129 (6-547) 314 (0-1337) 447 (18-2419) 
6 0 190 (30-570) 629 (0-2069) 819 (18-5793) 
1] 0 135 (9-507) 314 (0-992) 449 (111-1254) 
16 0 159 (109-216) 629 (0-2069) 788 (53-3827) 
21 0 86 (29-159) 157 (0-665) 243 (21-900) 
26 3 (0-12) 77, (132hi\) 157 (0-665) 238 (13-1100) 
3] 6 (0-20) 87 (29-163) 0 94 (33-211) 
Aug. 95 4 (0-15) 120 (42-257) 0 124 (46-268) 
10 5 (0-21) 58 (5-185) 0 63 (9-235) 
i 0 37 (0-407) 0 37 (0-407) 
20 0 10 (0-58) 0 10 (0-58) 
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TABLE 15. 


Date 


Aug. 5 
10 


Sept. 4 


Sub-habitats combined. 


Density estimates and accompanying 95% confidence limits 
(in parentheses) for larvae of the 1973-74 cohort of 

G. lobiferus in each of the three sub-habitats, and in all 
No samples were collected after 


May 8, 1974. 
Number Per Square Meter 
Live Shoots Dead Shoots Lake Bottom Total 
23 (0-85) 110 (0-623) 0 133 (0-2707) 
0 57 (0-630) 0 57 (0-630) 
33 (0-147) 142 (30-389) 0 175 (44-494) 
18 (0-61) 727 (210-1955) al 745 (251-1765) 
57 (4-168) 815 (497-1252) 0 872 (520-1364) 
52 (10-111) 740 (160-2024) 0 791 (209-1977) 
133 (54-234) 1057 (700-1530) 0 1191 (764-1769) 
151 (14-565) 1036 (661-1536) 0 1186 (815-1660) 
72 (0-314) 827 (210-2103) 0 899 (311-1956) 
145 (0-792) 917. (294-2101) 157 (0-665) 1219 (675-2002) 
48 (0-189) 811 (257-1904) 0 859 (264-2069) 
92 (10-536) 905 (552-1392) 0 996 (570-1612) 
22 (0-75) 514 (174-1182) 0 536 (202-1156) 
52 (11-108) 407 (383-431) 0 459 (421-498) 
26 (0-77) 430 (282-599) 157 (0-665) 613 (340-1008) 
126 (12-444) 499 (221-964) 0 625 (335-1056) 
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TABLE 16. 


pare Live Shoots Dead Shoots Lake Bottom Total 
June 3 0 13 (0-44) 2515 (0-6832) 2528 (23-43,390) 
7 0 78 (0-398) 1100 (0-3763) 1179 (30-8174) 
13 0 236 (119-417) 943 (0-3867) 1180 (77-5095) 
Ly 8 (0-35) 232 (54-056) 629 (0-2069) 869 (146-2850) 
21 4 (0-17) 228 (141-327) Gu) 232 (146-349) 
26 10 (0-36) 208 (52-533) 0 219 (58-571) 
July  t22(0-53) 149 (64-255) 472 (0-1578) 633 (77-2317) 
6 11 (0-48) 130 (25-369) 472 (0-1578) 613 (79-2296) 
1] 5 (0-21) 117 (6-530) 472 (0-2012) 594 (32-2363) 
16 0 213 (129-311) 472 (0-2012) 685 (74-2236) 
21 0 208 (88-360) 314 (0-1337) 523 (47-1906) 
26 34 (0-151 104 (50-171) 314 (0-992) 453 (93-1360) 
31 0 112 (68-173) 0 112 (68-173) 
Aug. 5 6 (0-27) 81 (42-127) 0 87 (54-132) 
10 0 52 (0-665) 0 52 (0-665) 
15 7 (0-31) 25 (0-78) 0 33 (0-296) 
20 0 24 (7-59) 0 24 (7-59) 


ae 


Density estimates and accompanying 95% confidence limits 
(in parentheses ) for larvae of the 1973 cohort of 
nr. paripes in each of the three sub- habitats, and in 
all sub-habitats combined. 
this cohort could not be differentiated accurately from 
those of the subsequent cohort. 


G. 


Number Per Square Meter 


After August 20 the larvae of 
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TABLE 17. Density estimates and accompanying 95% confidence limits 
(in parentheses ) for larvae of the 1973-74 cohort of 
G. nr. paripes in each of the three sub-habitats, and in 
all sub-habitats combined. No samples were collected 
after May 8, 1974. 
Number Per Square Meter 
FES Live Shoots Dead Shoots Lake Bottom Total 
July 31 0 6 (0-40) 0 6 (0-40) 
Aug. 5 27 (0-93) 115 (5-500) 0 143 (7-895) 
TOe= 1030-33) 68 (25-123) 0 79 (45-125) 
15 22 (0-97) 99 (22-265) 0 121 (26-373) 
20 22 (0-55) 372 (135-822) 0 394 (162-811) 
25 63 (4-151) 466 (233-824) 0 529 (257-959) 
30 ©630 (0-85) 373 (100-934) 0 403 (108-1045) 
Sept. 4 67 (13-142) 556 (360-816) 0 623 (408-910) 
10) 72)(0-195) 616 (348-1001) 0 688 (401-1094) 
17-18 (0-44) 510 (192-1055) 0 528 (206-1078) 
24 94 (0-451) 535 (232-1024) 0 629 (272-1226) 
Oct. 1 52 (0-209) 422 (120-1073) 0 474 (133-1226) 
15 88 (0-429) 467 (348-597) 0 555 (395-755) 
Nov. = 57 10 (0-32) 279 (135-506) 0 289 (134-546) 
Dec. 10 46 (18-81) 251 (172-336) 0 296 (242-359) 
Feb. 5 14 (0-50) 221 (107-360) 0 235 (137-371) 
May 8 44 (10-89) 257 (79-498) 0 301 (117-637) 
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